
US 20110218333A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2011/0218333 A1 

Marks et al. (43) Pub. Date: Sep. 8, 2011 

(54) 

(75) 

(73) 

(21) 

(22) 

(62) 

INTERNALIZING ERBB2 ANTIBODIES 

Inventors: James D. Marks, Kensington, CA 
(US); Marie Alix Poul, San 
Francisco, CA (US) 

Assignee: The Regents of the University of 
California, Oakland, CA (U S) 

Appl. No.: 12/928,792 

Filed: Dec. 16, 2010 

Related US. Application Data 

Division of applicationNo. 11/809,773, ?led on Jun. 1, 
2007, noW Pat. No. 7,892,554, Which is a division of 
application No. 09/250,056, ?led on Feb. 12, 1999, 
noW Pat. No. 7,244,826. 

(60) 

(51) 

(52) 

(57) 

Provisional application No. 60/082,953, ?led on Apr. 
24, 1998. 

Publication Classi?cation 

Int. Cl. 
C07H 21/04 (2006.01) 

US. Cl. ................................................... .. 536/23.53 

ABSTRACT 

This invention provides novel erbB2-binding internalizing 
antibodies. The antibodies, designated F5 and C1, speci? 
cally bind to c-erbB2 antigen and, upon binding, are readily 
internalized into the cell bearing the c-erbB2 marker. Chi 
meric molecules comprising the F5 and/or C1 antibodies 
attached to one or more effector molecules are also provided. 
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INTERNALIZING ERBB2 ANTIBODIES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a divisional application of US. 
Ser. No. 11/809,773, ?led Jun. 1, 2007, Which is a divisional 
application of US. Ser. No. 09/250,056, ?led Feb. 12, 1999 
(now US. Pat. No. 7,244,826), Which claims bene?t under 35 
USC §119(e) of provisional application U.S. Ser. No. 
60/082,953, ?led on Apr. 24, 1998, Which is herein incorpo 
rated by reference in its entirety for all purposes. 

STATEMENT AS TO RIGHTS TO INVENTIONS 
MADE UNDER FEDERALLY SPONSORED 

RESEARCH AND DEVELOPMENT 

[0002] This invention Was made With government support 
aWarded by the Department of Defense under Grants 
DAMD17-96-1-6244 and DAMD17-94-4433. The govem 
ment of the United States of America has certain rights in the 
invention. 

FIELD OF THE INVENTION 

[0003] This invention pertains to the ?elds of immunodi 
agnostics and immunotherapeutics. More particularly this 
invention pertains to the discovery of novel human antibodies 
that speci?cally bind c-erbB-2, and to chimeric molecules 
containing these antibodies. 

BACKGROUND OF THE INVENTION 

[0004] It is generally desired to identify antibodies that 
speci?cally bind to particular classes of cells (e. g. tumor 
cells). Such antibodies, sometimes referred to as “targeting 
antibodies”, can be used to speci?cally direct (deliver) vari 
ous effector molecules (e. g. liposomes, cytotoxins, labels, 
etc.) to the target cell. 
[0005] Targeting antibodies have been of particular interest 
in the study and treatment of cancer. A major goal of cancer 
research has been to identify tumor antigens that are qualita 
tively or quantitatively different from normal cells (Golden 
berg (1994) Ca: A Cancerlfor Clinicians. 44: 43-64). The 
presence and/or quantity of such antigens could be detected 
by antibodies and such detection forms the basis of diagnostic 
and prognostic tests. In addition, the antibodies could be used 
to selectively kill tumor cells either directly via their effector 
function (BroWn et al. (1989) Blood. 73: 651-661) or by 
attaching cytotoxic molecules to the antibody (Vitetta et al. 
(1987) Science. 238: 1098-1104; Brinkmann et al. (1993) 
Proc. Natl. Acad. Sci. USA. 90: 547-551). 
[0006] Despite the demonstration of antigens that are over 
expressed on tumor cells, antibodies have been used With 
limited success for diagnosis and treatment of solid tumors, 
(see revieW in Riethmuller et al. (1992) Curr Opin. Immunol. 
4: 647-655, and Riethmuller (1993) Curr. Opinion Immunol. 
5: 732-739). Their utility has been hampered by the paucity of 
tumor speci?c antibodies, antibody immunogenicity, loW 
binding af?nity, and poor tumor penetration. 
[0007] Nonspeci?c toxicity results from the failure of the 
antibody to bind speci?cally and With high a?inity to tumor 
cells. As a result, nonspeci?c cell killing occurs. In addition, 
the foreign immunotoxin molecule elicits a strong immune 
response in humans. The immunogenicity of the toxin portion 
of the immunotoxin has recently been overcome by using the 
human analogue of RNase (Rybak et al. (1992) Proc. Nat. 
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Acad. Sci., USA, 89: 3165). The murine antibody portion, 
hoWever, is still signi?cantly immunogenic (SaWler et al., 
(1995) J. ImmunoL, 135: 1530). 
[0008] Immunogenicity could be avoided and toxicity 
reduced if high a?inity tumor speci?c human antibodies Were 
available. HoWever, the production of human monoclonal 
antibodies using conventional hybridoma technology has 
proven extremely dif?cult (James et al., (1987) J. Immunol. 
Mel/1., 100: 5). Furthermore, the paucity of puri?ed tumor 
speci?c antigens makes it necessary to immuniZe With intact 
tumor cells or partially puri?ed antigen. Most of the antibod 
ies produced react With antigens that are also common to 
normal cells and are therefore unsuitable for use as tumor 

speci?c targeting molecules. 

SUMMARY OF THE INVENTION 

[0009] This invention provides tWo neW intemaliZing anti 
cerbB-2 antibodies designated herein as F5 (encoded by 
ATCC plasmid deposit PTS-7843) and C1 respectively. Pre 
ferred antibodies speci?cally bind to a c-erbB2 receptor and 
are antibody F5-derived or C1-derived antibodies (i.e., anti 
bodies that bind to a c-erbB2 receptor epitope bound by F5 
and/or C1). The antibodies preferably comprise an amino 
acid sequence selected from the group consisting of SEQ ID 
NO: 1, SEQ ID NO: 2, SEQ ID NO: 1 having conservative 
substitutions, and SEQ ID NO: 2 having conservative substi 
tutions. Particularly preferred antibodies share at least 70% 
sequence identity With the amino acid sequence of SEQ ID 
NO: 1 or SEQ ID NO: 2 and have a binding a?inity for 
c-erbB2 on cells of at least 10_5M. In one embodiment the 
antibodies Will have an amino acid sequence that differs from 
the amino acid sequence of SEQ ID NO: 1 or SEQ ID NO: 2 
by no more than 30 residues. The antibody can comprise at 
least one, at least tWo or at least three of the complementarity 
determining regions (CDRs) of SEQ ID NO: 1 and/ or SEQ ID 
NO: 2. In addition, or alternatively, the antibody can comprise 
at least one, at least tWo, or at least three frameWork regions of 
SEQ ID NO: 1 and/or SEQ ID NO: 2. Particularly preferred 
F5 and C1 antibodies have the amino acid sequence of SEQ 
ID NO: 1 or SEQ ID NO: 2, respectively. 

[0010] In another embodiment, this invention provides for 
antibodies that are crossreactive With an anti-idiotypic anti 
body raised against F5 or C1. Thus, this invention provides 
for an antibody that speci?cally binds to a c-erbB2 receptor, 
Where the antibody comprises at least 10 contiguous amino 
acids from the polypeptide sequence as set forth in SEQ ID 
NO: 1 or SEQ ID NO: 2, and Where the antibody, When 
presented as an antigen, elicits the production of an anti 
idiotypic antibody that speci?cally binds to a polypeptide 
sequence as set forth in SEQ ID NO: 1 or SEQ ID NO: 2; and 
the antibody does not bind to antisera raised against the 
polypeptide set forth in SEQ ID NO: 1 and SEQ ID NO: 2, 
that has been fully immunosorbed With the polypeptides set 
forth in SEQ ID NO: 1 and in SEQ ID NO: 2. These antibodies 
can share at least 70% sequence identity With the amino acid 
sequence of SEQ ID NO: 1 or SEQ ID NO: 2 and have a 
binding a?inity for c-erbB2 on cells of at least 10_5M (10 
MM). The antibody may comprise an amino acid sequence 
that differs from the amino acid sequence of SEQ ID NO: 1 or 
SEQ ID NO: 2 by no more than 30 residues. The antibody 
may comprise a complementarity determining region (CDR) 
of SEQ ID NO: 1 or SEQ ID NO: 2. 
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[0011] This invention also provides for the epitopes spe 
ci?cally recognized by F5 or Cl. These are easily identi?ed 
by epitope mapping methods utilizing the F5 or Cl antibodies 
provided herein. 
[0012] In still another embodiment, this invention provides 
methods of speci?cally delivering an effector molecule to a 
cell bearing a c-erbB2 receptor. The methods involve provid 
ing a chimeric molecule comprising the effector molecule 
attached to any of the Cl-derived or FS-derived antibodies 
described herein and contacting the cell bearing a c-erbB2 
With the chimeric molecule, Whereby the chimeric molecule 
speci?cally binds to the cell. In a particularly preferred 
embodiment, all, or a portion of the chimeric molecule is 
internalized into the cell. Preferred effector molecules 
include, but are not limited to, cytotoxins, labels, radionu 
clides, drugs, liposomes, ligands, antibodies, and the like. In 
a particularly preferred embodiment, the effector molecule is 
a protein or contains a protein and the chimeric molecule is a 
fusion protein. Particularly preferred target cells are cancer 
(e.g. metastatic or solid tumor, e.g. breast cancer) cells 
[0013] This invention also provides for the chimeric mol 
ecules that comprise any of the antibodies described herein 
attached to any of the effector molecules described herein. 
Preferred chimeric molecules bind a cell bearing a c-erbB-2. 
Particularly preferred chimeric molecules are fusion proteins. 
[0014] This invention also provides for nucleic acids 
encoding the various constructs described herein. Thus, in 
one embodiment, this invention provides nucleic acids 
encode an antibody that speci?cally binds to a c-erbB2 recep 
tor, Where the antibody is an FS-derived or a Cl-derived 
antibody that speci?cally binds to the epitope bound by F5 
(SEQ ID NO: 1) or Cl (SEQ ID NO: 2). Preferred nucleic 
acids encode an amino acid sequence selected from the group 
consisting of SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 1 
having conservative substitutions, and SEQ ID NO: 2 having 
conservative substitutions. Particularly preferred nucleic 
acids hybridize With a nucleic acid that encodes the antibodies 
of SEQ ID NO: 1 or SEQ ID NO: 2 under stringent conditions. 
Other preferred nucleic acids encode an antibody that shares 
at least 70% sequence identity With the amino acid sequence 
of SEQ ID NO: 1 or SEQ ID NO: 2 and Wherein said antibody 
has a binding af?nity for —erbB2 on cells of at least 10 [1M. 
Particularly preferred nucleic acids encodes an amino acid 
sequence that differs from the amino acid sequence of SEQ 
ID NO: 1 or SEQ ID NO: 2 by no more than 30 residues. 
Another preferred nucleic acid encodes one or more comple 
mentarity determining regions (CDRs) of SEQ ID NO: 1 or 
SEQ ID NO: 2. Other preferred nucleic acids comprise a 
sequence encoding the amino acid sequence of SEQ ID NO: 
1 or SEQ ID NO: 2. 
[0015] Where the chimeric proteins are fusion proteins this 
invention also provides nucleic acids encoding the chimeric 
proteins. 
[0016] In another embodiment, this invention provides for 
cells (e.g. eukaryotic or prokaryotic) expressing any of the 
nucleic acids described herein. 
[0017] This invention also provides for pharmaceutical 
compositions. The pharmaceutical compositions preferably 
comprise a pharmacological excipient and one or more of the 
F5-derived or Cl-derived antibodies described herein. 
[0018] Kits are also provides as described herein for the 
diagnosis and treatment of pathological conditions (eg can 
cers) or for the practice of any of the screening or transfection 
methods described herein. 

De?nitions 

[0019] As used herein, an “antibody” refers to a protein 
consisting of one or more polypeptides substantially encoded 
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by immunoglobulin genes or fragments of immunoglobulin 
genes. The recognized immunoglobulin genes include the 
kappa, lambda, alpha, gamma, delta, epsilon and mu constant 
region genes, as Well as myriad immunoglobulin variable 
region genes. Light chains are classi?ed as either kappa or 
lambda. Heavy chains are classi?ed as gamma, mu, alpha, 
delta, or epsilon, Which in turn de?ne the immunoglobulin 
classes, IgG, IgM, IgA, IgD and IgE, respectively. 
[0020] A typical immunoglobulin (antibody) structural 
unit is knoWn to comprise a tetramer. Each tetramer is com 
posed of tWo identical pairs of polypeptide chains, each pair 
having one “light” (about 25 kD) and one “heavy” chain 
(about 50-70 kD). The N-terminus of each chain de?nes a 
variable region of about 100 to 110 or more amino acids 
primarily responsible for antigen recognition. The terms vari 
able light chain (V L) and variable heavy chain (VH) refer to 
these light and heavy chains respectively. 
[0021] Antibodies exist as intact immunoglobulins or as a 
number of Well characterized fragments produced by diges 
tion With various peptidases. Thus, for example, pepsin 
digests an antibody beloW the disul?de linkages in the hinge 
region to produce F(ab)'2, a dimer of Fab Which itself is a light 
chain joined to VH-C H1 by a disul?de bond. The F(ab)'2 may 
be reduced under mild conditions to break the disul?de link 
age in the hinge region thereby converting the F(ab)'2 dimer 
into an Fab' monomer. The Fab' monomer is essentially an 
Fab With part of the hinge region (see, Fundamental Immu 
nology, W. E. Paul, ed., Raven Press, NY. (1993), for a more 
detailed description of other antibody fragments). While vari 
ous antibody fragments are de?ned in terms of the digestion 
of an intact antibody, one of skill Will appreciate that such Fab‘ 
fragments may be synthesized de novo either chemically or 
by utilizing recombinant DNA methodology. Thus, the term 
antibody, as used herein also includes antibody fragments 
either produced by the modi?cation of Whole antibodies or 
synthesized de novo using recombinant DNA methodologies. 
Preferred antibodies include single chain antibodies (antibod 
ies that exist as a single polypeptide chain), more preferably 
single chain Fv antibodies (scFv) in Which a variable heavy 
and a variable light chain are joined together (directly or 
through a peptide linker) to form a continuous polypeptide. 
The single chain Fv antibody is a covalently linked VH-VL 
heterodimer Which may be expressed from a nucleic acid 
including VH- and VL-encoding sequences either joined 
directly or joined by a peptide-encoding linker. Huston, et al. 
(1988) Proc. Nat. Acad. Sci USA, 85:5879-5883. While the 
VH and VL are connected to each as a single polypeptide 
chain, the VH and VL domains associate non-covalently. The 
?rst functional antibody molecules to be expressed on the 
surface of ?lamentous phage Were single-chain Fv’s (scFv), 
hoWever, alternative expression strategies have also been suc 
cessful. For example Fab molecules can be displayed on 
phage if one of the chains (heavy or light) is fused to g3 capsid 
protein and the complementary chain exported to the peri 
plasm as a soluble molecule. The tWo chains can be encoded 
on the same or on different replicons; the important point is 
that the tWo antibody chains in each Fab molecule assemble 
post-translationally and the dimer is incorporated into the 
phage particle via linkage of one of the chains to g3p (see, 
e.g., US. Pat. No. 5,733,743). The scFv antibodies and a 
number of other structures converting the naturally aggre 
gated, but chemically separated, light and heavy polypeptide 
chains from an antibody V region into a molecule that folds 
into a three dimensional structure substantially similar to the 
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structure of an antigen-binding site are known to those of skill 
in the art (see e.g., US. Pat. Nos. 5,091,513; 5,132,405; and 
4,95 6,778). Particularly preferred antibodies include all those 
that have been displayed on phage (e.g., scFv, Fv, Fab and 
disul?de linked Fv) (Reiter et al. (1995) Protein Eng. 8: 
1323 -133 1). 
[0022] An “antigen-binding site” or “binding portion” 
refers to the part of an immunoglobulin molecule that partici 
pates in antigen binding. The antigen binding site is formed 
by amino acid residues of the N-terminal variable (“V”) 
regions of the heavy (“H”) and light (“L”) chains. Three 
highly divergent stretches Within the V regions of the heavy 
and light chains are referred to as “hypervariable regions” 
Which are interposed betWeen more conserved ?anking 
stretches knoWn as “framework regions” or “FRs”. Thus, the 
term “FR” refers to amino acid sequences Which are naturally 
found betWeen and adjacent to hypervariable regions in 
immunoglobulins. In an antibody molecule, the three hyper 
variable regions of a light chain and the three hypervariable 
regions of a heavy chain are disposed relative to each other in 
three dimensional space to form an antigenbinding “surface”. 
This surface mediates recognition and binding of the target 
antigen. The three hypervariable regions of each of the heavy 
and light chains are referred to as “complementarity deter 
mining regions” or “CDRs” and are characterized, for 
example by Kabat et al. Sequences of proteins of immuno 
logical interest, 4th ed. US. Dept. Health and Human Ser 
vices, Public Health Services, Bethesda, Md. (1987). 
[0023] An “internalizing antibody” is an antibody that, 
upon binding to a receptor or other ligand on a cell surface is 
transported into the cell (e.g. into a vacuole or other organelle 
or into the cytoplasm of the cell). 
[0024] As used herein, the terms “immunological binding” 
and “immunological binding properties” refer to the non 
covalent interactions of the type Which occur betWeen an 
immunoglobulin molecule and an antigen for Which the 
immunoglobulin is speci?c. The strength or af?nity of immu 
nological binding interactions can be expressed in terms of 
the dissociation constant (Kd) of the interaction, Wherein a 
smaller Kd represents a greater af?nity Immunological bind 
ing properties of selected polypeptides can be quanti?ed 
using methods Well knoWn in the art. One such method entails 
measuring the rates of antigen-binding site/antigen complex 
formation and dissociation, Wherein those rates depend on the 
concentrations of the complex partners, the af?nity of the 
interaction, and on geometric parameters that equally in?u 
ence the rate in both directions. Thus, both the “on rate con 
stant” (kon) and the “off rate constant” (kof) can be deter 
mined by calculation of the concentrations and the actual 
rates of association and dissociation. The ratio of ko?fkon 
enables cancellation of all parameters not related to a?inity 
and is thus equal to the dissociation constant Kd (see, gener 
ally, Davies et al. (1990) Ann. Rev. Biochem, 59: 439473}. 
[0025] The phrase “speci?cally binds to a protein” or “spe 
ci?cally immunoreactive Wit ”, When referring to an anti 
body refers to a binding reaction Which is determinative of the 
presence of the protein in the presence of a heterogeneous 
population of proteins and other biologics. Thus, under des 
ignated immunoassay conditions, the speci?ed antibodies 
bind to a particular protein and do not bind in a signi?cant 
amount to other proteins present in the sample. Speci?c bind 
ing to a protein under such conditions may require an anti 
body that is selected for its speci?city for a particular protein. 
For example, F5 or C1 antibodies can be raised to the 
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c-erbB-2 protein that bind c-erbB-2 and not to other proteins 
present in a tissue sample. A variety of immunoassay formats 
may be used to select antibodies speci?cally immunoreactive 
With a particular protein. For example, solid-phase ELISA 
immunoassays are routinely used to select monoclonal anti 
bodies speci?cally immunoreactive With a protein. See Har 
loW and Lane (1 988) Antibodies, A Laboratory Manual, Cold 
Spring Harbor Publications, NeW York, for a description of 
immunoassay formats and conditions that can be used to 
determine speci?c immunoreactivity. 
[0026] The terms “polypeptide”, “peptide”, or “protein” 
are used interchangeably herein to designate a linear series of 
amino acid residues connected one to the other by peptide 
bonds betWeen the alpha-amino and carboxy groups of adja 
cent residues. The amino acid residues are preferably in the 
natural “L” isomeric form. HoWever, residues in the “D” 
isomeric form can be substituted for any L-amino acid resi 
due, as long as the desired functional property is retained by 
the polypeptide. In addition, the amino acids, in addition to 
the 20 “standar ” amino acids, include modi?ed and unusual 
amino acids, Which include, but are not limited to those listed 
in 37 CFR §1.822(b)(4). Furthermore, it should be noted that 
a dash at the beginning or end of an amino acid residue 
sequence indicates either a peptide bond to a further sequence 
of one or more amino acid residues or a covalent bond to a 

carboxyl or hydroxyl end group. 
[0027] The term “binding polypeptide” refers to a polypep 
tide that speci?cally binds to a target molecule (eg a cell 
receptor) in a manner analogous to the binding of an antibody 
to an antigen. Binding polypeptides are distinguished from 
antibodies in that binding polypeptides are not ultimately 
derived from immunoglobulin genes or fragments of immu 
noglobulin genes. 
[0028] The terms “F5 antibody” or “C1 antibody” typically 
refer to antibodies that bind to the epitope(s) bound by F5 or 
C1 respectively. Preferred F5 or C1 antibodies are intemaliZ 
ing antibodies. F5 and C1 When used to refer to the prototypi 
cal antibody refer to antibodies having the sequence of SEQ 
ID NO: 1 and SEQ ID NO: 2, respectively. The F5 antibody is 
also referred to as 3TF5 in the examples. 
[0029] The term “conservative substitution” is used in ref 
erence to proteins or peptides to re?ect amino acid substitu 
tions that do not substantially alter the activity (speci?city or 
binding af?nity) of the molecule. Typically conservative 
amino acid substitutions involve substitution one amino acid 
for another amino acid With similar chemical properties (eg 
charge or hydrophobicity). The folloWing six groups each 
contain amino acids that are typical conservative substitu 
tions for one another: 

[0030] 1) Alanine (A), Serine (S), Threonine (T); 
[0031] 2) Aspartic acid (D), Glutamic acid (E); 
[0032] 3) Asparagine (N), Glutamine (Q); 
[0033] 4) Arginine (R), Lysine (K); 
[0034] 5) Isoleucine (I), Leucine (L), Methionine (M), 
Valine (V); and 
[0035] 6) Phenylalanine (F), Tyrosine (Y), Tryptophan 
(W). 
[0036] The term “nucleic acid” refers to deoxyribonucle 
otides or ribonucleotides and polymers thereof in either 
single- or double-stranded form. Unless speci?cally limited, 
the term encompasses nucleic acids containing knoWn ana 
logues of natural nucleotides Which have similar binding 
properties as the reference nucleic acid and are metaboliZed in 
a manner similar to naturally occurring nucleotides. Unless 
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otherwise indicated, a particular nucleic acid sequence also 
implicitly encompasses conservatively modi?ed variants 
thereof (eg degenerate codon substitutions) and comple 
mentary sequences and as Well as the sequence explicitly 
indicated. 

[0037] Speci?cally, degenerate codon substitutions may be 
achieved by generating sequences in Which the third position 
of one or more selected (or all) codons is substituted With 
mixed-base and/or deoxyinosine residues (BatZer et al. 
(1991) Nucleic Acid Res. 19: 5081; Ohtsuka et al. (1985) J. 
Biol. Chem. 260: 2605-2608; and Cassol et al. (1992); Ros 
solini et al., (1994) Mol. Cell. Probes 8: 91-98). The term 
nucleic acid is used interchangeably With gene, cDNA, and 
mRNA encoded by a gene. 

[0038] The terms “isolated” or “biologically pure” refer to 
material Which is substantially or essentially free from com 
ponents Which normally accompany it as found in its native 
state. HoWever, the term “isolated” is not intended refer to the 
components present in an electrophoretic gel or other sepa 
ration medium. An isolated component is free from such 
separation media and in a form ready for use in another 
application or already in use in the neW application/milieu 

[0039] The terms “identical” or percent “identity,” or per 
cent “homology” in the context of tWo or more nucleic acids 
or polypeptide sequences, refer to tWo or more sequences or 
subsequences that are the same or have a speci?ed percentage 
of amino acid residues or nucleotides that are the same, When 
compared and aligned for maximum correspondence, as mea 
sured using one of the folloWing sequence comparison algo 
rithms or by visual inspection. 

[0040] The phrase “substantially identical,” in the context 
of tWo nucleic acids or polypeptides, refers to tWo or more 
sequences or subsequences that have at least 60%, preferably 
80%, most preferably 90-95% or even at least 98% amino 
acid residue identity across a WindoW of at least 30 nucle 
otides, preferably across a WindoW of at least 40 nucleotides, 
more preferably across a WindoW of at least 80 nucleotides, 
and most preferably across a WindoW of at least 100 nucle 
otides, 150 nucleotides, 200 nucleotides or greater, When 
compared and aligned for maximum correspondence, as mea 
sured using one of the folloWing sequence comparison algo 
rithms or by visual inspection. 

[0041] For sequence comparison, typically one sequence 
acts as a reference sequence, to Which test sequences are 
compared. When using a sequence comparison algorithm, 
test and reference sequences are input into a computer, sub 
sequence coordinates are designated, if necessary, and 
sequence algorithm program parameters are designated. The 
sequence comparison algorithm then calculates the percent 
sequence identity for the test sequence(s) relative to the ref 
erence sequence, based on the designated program param 
eters. 

[0042] Optimal alignment of sequences for comparison can 
be conducted, e.g., by the local homology algorithm of Smith 
& Waterman, Adv. Appl. Math. 2:482 (1981), by the homol 
ogy alignment algorithm of Needleman & Wunsch, J. Mol. 
Biol. 48:443 (1970), by the search for similarity method of 
Pearson & Lipman, Proc. Natl. Acad. Sci. USA 85:2444 
(1988), by computeriZed implementations of these algo 
rithms (GAP, BESTFIT, FASTA, and TFASTA in the Wis 
consin Genetics SoftWare Package, Genetics Computer 
Group, 575 Science Dr., Madison, Wis.), or by visual inspec 
tion (see generally Ausubel et al., supra). 
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[0043] One example of a useful algorithm is PILEUP. 
PILEUP creates a multiple sequence alignment from a group 
of related sequences using progressive, pairWise alignments 
to shoW relationship and percent sequence identity. It also 
plots a tree or dendogram shoWing the clustering relation 
ships used to create the alignment. PILEUP uses a simpli? 
cation of the progressive alignment method of Feng & 
Doolittle (1987) J. Mol. Evol. 35:351-360. The method used 
is similar to the method described by Higgins & Sharp (1989) 
CABIOS 5:151-153. The program can align up to 300 
sequences, each of a maximum length of 5,000 nucleotides or 
amino acids. The multiple alignment procedure begins With 
the pairWise alignment of the tWo most similar sequences, 
producing a cluster of tWo aligned sequences. This cluster is 
then aligned to the next most related sequence or cluster of 
aligned sequences. TWo clusters of sequences are aligned by 
a simple extension of the pairWise alignment of tWo indi 
vidual sequences. The ?nal alignment is achieved by a series 
of progressive, pairWise alignments. The program is run by 
designating speci?c sequences and their amino acid or nucle 
otide coordinates for regions of sequence comparison and by 
designating the program parameters. For example, a refer 
ence sequence can be compared to other test sequences to 
determine the percent sequence identity relationship using 
the folloWing parameters: default gap Weight (3.00), default 
gap length Weight (0.10), and Weighted end gaps. 
[0044] Another example of algorithm that is suitable for 
determining percent sequence identity and sequence similar 
ity is the BLAST algorithm, Which is described in Altschul et 
al. (1 990) J. Mol. Biol. 215:403-410. SoftWare for performing 
BLAST analyses is publicly available through the National 
Center for Biotechnology Information (http://WWW.ncbi.nlm. 
nih gov/). This algorithm involves ?rst identifying high scor 
ing sequence pairs (HSPs) by identifying short Words of 
length W in the query sequence, Which either match or satisfy 
some positive-valued threshold score T When aligned With a 
Word of the same length in a database sequence. T is referred 
to as the neighborhood Word score threshold (Altschul et al, 
supra). These initial neighborhood Word hits act as seeds for 
initiating searches to ?nd longer HSPs containing them. The 
Word hits are then extended in both directions along each 
sequence for as far as the cumulative alignment score can be 
increased. Extension of the Word hits in each direction are 
halted When: the cumulative alignment score falls off by the 
quantity X from its maximum achieved value; the cumulative 
score goes to Zero or beloW, due to the accumulation of one or 
more negative-scoring residue alignments; or the end of 
either sequence is reached. The BLAST algorithm parameters 
W, T, and X determine the sensitivity and speed of the align 
ment. The BLAST programuses as defaults a Wordlength (W) 
of 1 1, the BLOSUM62 scoring matrix (see Henikoff & Heni 
koff(1989) Proc. Natl. Acad. Sci. USA 89:10915) alignments 
(B) of 50, expectation (E) of 10, M:5, N:—4, and a compari 
son of both strands. 

[0045] In addition to calculating percent sequence identity, 
the BLAST algorithm also performs a statistical analysis of 
the similarity betWeen tWo sequences (see, e.g., Karlin & 
Altschul (1993) Proc. Natl. Acad. Sci. USA 90:5873-5787). 
One measure of similarity provided by the BLAST algorithm 
is the smallest sum probability (P(N)), Which provides an 
indication of the probability by Which a match betWeen tWo 
nucleotide or amino acid sequences Would occur by chance. 
For example, a nucleic acid is considered similar to a refer 
ence sequence if the smallest sum probability in a comparison 
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of the test nucleic acidto the reference nucleic acid is less than 
about 0.1, more preferably less than about 0.01, and most 
preferably less than about 0.001. 

[0046] A further indication that tWo nucleic acid sequences 
or polypeptides are substantially identical is that the polypep 
tide encoded by the ?rst nucleic acid is immunologically 
cross reactive With the polypeptide encoded by the second 
nucleic acid, as described beloW. Thus, a polypeptide is typi 
cally substantially identical to a second polypeptide, for 
example, Where the tWo peptides differ only by conservative 
substitutions. Another indication that tWo nucleic acid 
sequences are substantially identical is that the tWo molecules 
hybridize to each other under stringent conditions, as 
described beloW. 

[0047] The phrases “hybridizing speci?cally to” or “spe 
ci?c hybridization” or “selectively hybridize to”, refer to the 
binding, duplexing, or hybridizing of a nucleic acid molecule 
preferentially to a particular nucleotide sequence under strin 
gent conditions When that sequence is present in a complex 
mixture (e.g., total cellular) DNA or RNA. 
[0048] The term “stringent conditions” refers to conditions 
under Which a probe Will hybridize preferentially to its target 
subsequence, and to a lesser extent to, or not at all to, other 
sequences. “Stringent hybridization” and “stringent hybrid 
ization Wash conditions” in the context of nucleic acid hybrid 
ization experiments such as Southern and northern hybridiza 
tions are sequence dependent, and are different under 
different environmental parameters. An extensive guide to the 
hybridization of nucleic acids is found in Tijssen (1993) 
Laboratory Techniques in Biochemistry and Molecular Biol 
ogyiHybridizalion with NucleicAcid Probes part I chapter 2 
“Overview of principles of hybridization and the strategy of 
nucleic acid probe assays”, Elsevier, NeW York. Generally, 
highly stringent hybridization and Wash conditions are 
selected to be about 5° C. loWer than the thermal melting point 
(Tm) for the speci?c sequence at a de?ned ionic strength and 
pH. The Tm is the temperature (under de?ned ionic strength 
and pH) at Which 50% of the target sequence hybridizes to a 
perfectly matched probe. Very stringent conditions are 
selected to be equal to the Tm for a particular probe. 
[0049] An example of stringent hybridization conditions 
for hybridization of complementary nucleic acids Which have 
more than 100 complementary residues on a ?lter in a South 
ern or northern blot is 50% formamide With 1 mg of heparin 
at 42° C., With the hybridization being carried out overnight. 
An example of highly stringent Wash conditions is 0.15 M 
NaCl at 72° C. for about 15 minutes. An example of stringent 
Wash conditions is a 0.2><SSC Wash at 65° C. for 15 minutes 
(see, Sambrook et al. (1989) Molecular CloningiA Labora 
Zory Manual (2nd ed.) Vol. 1-3, Cold Spring Harbor Labora 
tory, Cold Spring Harbor Press, NY, (Sambrook et al.) supra 
for a description of SSC buffer). Often, a high stringency 
Wash is preceded by a loW stringency Wash to remove back 
ground probe signal. An example medium stringency Wash 
for a duplex of, e.g., more than 100 nucleotides, is 1><SSC at 
45° C. for 15 minutes. An example loW stringency Wash for a 
duplex of, e.g., more than 100 nucleotides, is 4-6><SSC at 40° 
C. for 15 minutes. In general, a signal to noise ratio of 2x (or 
higher) than that observed for an unrelated probe in the par 
ticular hybridization assay indicates detection of a speci?c 
hybridization. Nucleic acids Which do not hybridize to each 
other under stringent conditions are still substantially identi 
cal if the polypeptides Which they encode are substantially 
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identical. This occurs, e.g., When a copy of a nucleic acid is 
created using the maximum codon degeneracy permitted by 
the genetic code. 
[0050] The terms F5 and C1 When referring to antibodies 
refer to the antibodies of SEQ ID NOs: 1 and 2, respectively. 
Preferred F5 and C1 antibodies additionally include the anti 
bodies of SEQ ID NOs: 1 and 2, respectively, or conservative 
substitutions of these sequences so long as the binding speci 
?city of F5 and C1 is preserved. The F5-derived and C1-de 
rived antibodies are antibodies derived sequences (from the 
amino acid or nucleic acid) of F5 or C1, respectively. The F5 
and C1-derived antibodies are preferably obtained by one of 
several types of derivation that include, but are not limited to: 
1) derivation by chain shu?ling; 2) derivation by site directed 
mutagenesis of CDRs; 3) derivation by introducing multiple 
mutations into sequence by either error prone PCR, mutator 
strains of E. coli, or “DNA shuf?ing (Crameri et al. (1996) 
Nature 65 Medicine. 2: 100-102). The F5 and C1 derived 
antibodies are recognized by their cross-reactivity With either 
1) the c-erbB-2 epitope recognized by F5 and CI; and/or 2)An 
anti F5 or C1 anti-idiotypic antibody. F5 and C1 antibodies 
preferably have a binding a?inity of about 2 [1M more pref 
erably of less than about 1 [1M and most preferably of less 
than about 100 nM or better and are preferably derived by 
screening (for a?inity the epitopes bound by F5 and C1, 
respectively) a phage display library in Which a knoWn F5 or 
C1 variable heavy (V H) chain is expressed in combination 
With a multiplicity of variable light (V L) chains or conversely 
a knoWn F5 or C1 variable light chain is expressed in combi 
nation With a multiplicity of variable heavy (VH) chains. F5 
or C1-derived antibodies also include those antibodies pro 
duced by the introduction of mutations into the variable heavy 
or variable light complementarity determining regions 
(CDR1, CDR2 or CDR3) as described herein. Finally F5 and 
C1 antibodies include those antibodies produced by any com 
bination of these modi?cation methods as applied to F5 or CI 
and their derivatives. 
[0051] A chimeric molecule is a molecule in Which tWo or 
more molecules that exist separately in their native state are 
joined together to form a single molecule having the desired 
functionality of all of its constituent molecules. While the 
chimeric molecule may be prepared by covalently linking tWo 
molecules each synthesized separately, one of skill in the art 
Will appreciate that Where the chimeric molecule is a fusion 
protein, the chimera may be prepared de novo as a single 
“joined” molecule. 
[0052] A fusion protein is a chimeric molecule in Which the 
constituent molecules are all polypeptides and are attached 
(fused) to each other through terminal peptide bonds so that 
the chimeric molecule is a continuous single-chain polypep 
tide. The various constituents can be directly attached to each 
other or can be coupled through one or more peptide linkers. 

[0053] An effector moiety or molecule is a molecule or 
moiety that typically has a characteristic activity that is 
desired to be delivered to a target cell (eg a tumor overex 
pressing c-erbB-2). Effector molecules include cytotoxins, 
labels, radionuclides, ligands, antibodies, drugs, liposomes, 
and viral coat proteins that render the virus capable of infect 
ing a c-erbB-2 expressing cell. 
[0054] A “target” cell refers to a cell or cell-type that is to be 
speci?cally bound by a member of a phage display library or 
a chimeric molecule of this invention. Preferred target cells 
are cells for Which an internalizing antibody or binding 
polypeptide is sought. The target cell is typically character 
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ized by the expression or overexpression of a target molecule 
that is characteristic of the cell type. Thus, for example, a 
target cell can be a cell, such as a tumor cell, that overex 
presses a marker such as c-erbB-2. 

[0055] A “targeting moiety” refers to a moiety (eg a mol 
ecule) that speci?cally binds to the target molecule. Where 
the target molecule is a molecule on the surface of a cell and 
the targeting moiety is a component of a chimeric molecule, 
the targeting moiety speci?cally binds the chimeric molecule 
to the cell bearing the target. Where the targeting moiety is a 
polypeptide it can be referred to as a “targeting polypeptide”. 
[0056] The terms “internalizing” or “internalized” When 
used in reference to a cell refer to the transport of a moiety 
(e.g. phage) from outside to inside a cell. The internalized 
moiety can be located in an intracellular compartment, eg a 
vacuole, a lysosome, the endoplasmic reticulum, the golgi 
apparatus, or in the cytosol of the cell itself. 
[0057] An internalizing receptor or marker is a molecule 
present on the external cell surface that When speci?cally 
bound by an antibody or binding protein results in the inter 
nalization of that antibody or binding protein into the cell. 
Internalizing receptors or markers include receptors (e.g., 
hormone, cytokine or groWth factor receptors) ligands and 
other cell surface markers binding to Which results in inter 
nalization.] 
[0058] The term “heterologous nucleic acid’ refers to a 
nucleic acid that is not native to the cell in Which it is found or 
Whose ultimate origin is not the cell or cell line in Which the 
“heterologous nucleic acid” is currently found. 
[0059] The idiotype represents the highly variable antigen 
binding site of an antibody and is itself immunogenic. During 
the generation of an antibody-mediated immune response, an 
individual Will develop antibodies to the antigen as Well as 
anti-idiotype antibodies, Whose immunogenic binding site 
(idiotype) mimics the antigen. Anti-idiotypic antibodies can 
also be generated by immunization With an antibody, or frag 
ment thereof. 
[0060] A “phage display library” refers to a collection of 
phage (e. g., ?lamentous phage) Wherein the phage express an 
external (typically heterologous) protein. The external pro 
tein is free to interact With (bind to) other moieties With Which 
the phage are contacted. Each phage displaying an external 
protein is a “member” of the phage display library. 
[0061] The term “?lamentous phage” refers to a viral par 
ticle capable of displaying a heterogenous polypeptide on its 
surface. Although one skilled in the art Will appreciate that a 
variety of bacteriophage may be employed in the present 
invention, in preferred embodiments the vector is, or is 
derived from, a ?lamentous bacteriophage, such as, for 
example, ?, fd, P?, M13, etc. The ?lamentous phage may 
contains a selectable marker such as tetracycline (e.g., “fd 
tet”). Various ?lamentous phage display systems are Well 
knoWn to those ofskill in the art (see, e.g., Zacher et al. (1980) 
Gene 9: 127-140, Smith et al. (1985) Science 228: 1315-1317 
(1985); and Parrnley and Smith (1988) Gene 73: 305-318). 
[0062] A “viral packaging signal” is a nucleic acid 
sequence necessary and suf?cient to direct incorporation of a 
nucleic acid into a viral capsid. 
[0063] An assembly cell is a cell in Which a nucleic acid can 
be packaged into a viral coat protein (capsid). Assembly cells 
may be infected With one or more different virus particles 
(eg a normal or debilitated phage and a helper phage) that 
individually or in combination direct packaging of a nucleic 
acid into a viral capsid. 
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[0064] The folloWing abbreviations are used herein: AMP, 
ampicillin; c-erbB-2 ECD, extracellular domain of c-erbB-2; 
CDR, complementarity determining region; ELISA, enzyme 
linked immunosorbent assay; FACS, ?uorescence activated 
cell sorter; FR, frameWork region; Glu, glucose; HBS, hepes 
buffered saline, 10 mM hepes, 150 mM NaCl, pH 7.4; IMAC, 
immobilized metal a?inity chromatography; k0”, association 
rate constant; kof, dissociation rate constant; MPBS, 
skimmed milk poWder in PBS; MTPBS, skimmed milk poW 
der in TPBS; PBS, phosphate buffered saline, 25 mM 
NaH2PO4, 125 mM NaCl, pH 7.0; PCR, polymerase chain 
reaction; RU, resonance units; scFv or scFv, single-chain Fv 
fragment; TPBS, 0.05% v/v TWeen 20 in PBS; SPR, surface 
plasmon resonance; Vk, immunoglobulin kappa light chain 
variable region; V7‘, immunoglobulin lambda light chain vari 
able region; VL, immunoglobulin light chain variable region; 
VH, immunoglobulin heavy chain variable region; Wt, Wild 
type 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0065] FIG. 1 illustrates the method for construction of a 
large human scFv phage antibody library. The strategy for 
library construction involved optimizing the individual steps 
of library construction to increase both the ef?ciency of scFv 
gene assembly and to increase the ef?ciency of cloning 
assembled scFv genes. (A). First, mRNA from lymphocytes 
Was used to generate VH and VL gene repertoires by RTPCR 
Which Were cloned into different vectors to create VH and VL 
gene libraries of 8.0><108 and 7.2><106 members respectively. 
The cloned V-gene libraries provided a stable and limitless 
source of VH andVL genes for scFv assembly. DNA encoding 
the peptide (G45)3 Was incorporated into the 5' end of the VL 
library. This permitted generation of scFv genes by PCR 
splicing 2 DNA fragments. Previously, scFv gene repertoires 
Were assembled from 3 separate DNA fragments consisting 
of VH, VL, and linker DNA. (B) VH and VL gene repertoires 
Were ampli?ed from the separate libraries and assembled into 
an scFv gene repertoire using overlap extension PCR. The 
primers used to reamplify the VH and VL gene repertoires 
annealed 200 bp upstream of the 5' end of the VH genes and 
200 bp doWn stream of the VL genes. These long overhangs 
ensured e?icient restriction enzyme digestion.(C.) The scFv 
gene repertoire Was digested With NcoI and NotI and cloned 
into the plasmid pHEN1 as fusions With the M13 gene III coat 
protein gene ( ) for phage-display. 
[0066] FIG. 2 illustrates epitope mapping of F5, C1 and 
C65 scFv Inhibition of binding of F5 phage (left panel), C1 
phage (center panel) or C6.5 phage (right panel) by increasing 
concentrations of soluble scFv-F5 (o), scFv-Cl (A) or scFv 
C6.5 (B). Bound phages Were detected With an anti-M13 
biotinylated Ab and streptavidin-PE. Results are expressed in 
% of maximal mean ?uorescent intensity (MFI). Soluble F5 
and C1 inhibited the binding of F5 or C1 phage, but not C6.5 
phage. 

DETAILED DESCRIPTION 

I. Introduction. 
[0067] This invention provides for novel human antibodies 
that speci?cally bind to the extracellular domain of the 
c-erbB-2 protein product of the HER2/neu oncogene. The 
c-erbB-2 marker is overexpressed by 30-50% of breast car 
cinomas and other adenocarcinomas and thus provides a use 
ful cell surface marker for speci?cally targeting tumor cells 
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such as carcinomas. In contrast to previous knoWn anti 
cerbB-2 antibodies, the antibodies of the present invention 
(designated herein as F5 or C1 antibodies) are fully human 
antibodies. Thus, administration of these antibodies to a 
human host elicits a little or no immunogenic response. 

[0068] In addition, the F5 and C1 antibodies of this inven 
tion are rapidly intemaliZed into the cell. They are thus 
extremely useful for delivering effector moieties into the 
target cell. Moreover, once an intemaliZing antibody or 
polypeptide is identi?ed it can be used to re-probe one or 
more cells or cell lines to identify previously unknown inter 
naliZing cellular targets (e.g., receptors). 
[0069] It is knoWn that other c-erbB2-binding antibodies 
are not intemaliZed. Thus, Without being bound to particular 
theory, it is believed that the effective internalization of the F5 
and C1 antibodies of this invention is a consequence of the 
speci?c epitope bound by these antibodies. It is believed that 
both the F5 and C1 antibody bind the same epitope and, using 
the F5 and C1 antibodies identi?ed herein (e.g. SEQ ID NOS: 
1 and 2) other antibodies that bind to the same epitope can be 
readily identi?ed. Thus, in one preferred embodiment, this 
invention provides an antibody that speci?cally binds to a 
c-erbB2 receptor epitope bound by F5 or C1. Particularly 
preferred antibodies of this type are intemaliZing antibodies. 
[0070] Because of the highly speci?c targeting to cells 
expression the c-erbB2 receptor and the effective internaliZa 
tion of the bound molecules, the C1 and F5 antibodies of this 
invention are Well suited for delivering effector molecules to 
or into a target cell (eg a cancer cell). Thus, in another 
preferred embodiment, this invention additionally provides 
for chimeric molecules comprising the F5 or C1 antibodies 
(i.e. antibodies that bind to the epitope bound by F5 or C1) 
joined to an effector molecule. The F5 or C1 antibody acts as 
a targeting molecule that serves to speci?cally bind the chi 
meric molecule to cells bearing the c-erbB-2 marker thereby 
delivering the effector molecule to the target cell. 
[0071] An effector is a molecule or multimolecular struc 
ture (eg a liposome, a phage coat (capsid), or an intact 
phage) that is desired to be delivered to the target cell (e. g. a 
tumor overexpressing c-erbB-2). Preferred effectors have a 
characteristic activity (eg drug delivery, cytotoxicity, ?uo 
rescence, radioactivity, etc.) Effector molecules include, but 
are not limited to, cytotoxins, labels, radionuclides, ligands, 
antibodies, drugs, nucleic acids, hormones, groWth factors, 
liposomes, and viral coat proteins that render a virus capable 
of infecting a c-erbB-2 expressing cell. Once delivered to the 
target, the effector molecule exerts its characteristic activity. 
[0072] For example, in one embodiment, Where the effector 
molecule is a cytotoxin, the chimeric molecule acts as a 
potent cell-killing agent speci?cally targeting the cytotoxin to 
tumor cells bearing the c-erbB-2 marker. Chimeric cytotoxins 
that speci?cally target tumor cells are Well known to those of 
skill in the art (see, for example, Pastan et al. (1 992) Ann. Rev. 
Biochem, 61: 331-354). 
[0073] In another embodiment, the chimeric molecule may 
be used for detecting the presence or absence of tumor cells in 
vivo or in vitro or for localiZing tumor cells in vivo. These 
methods involve providing a chimeric molecule comprising 
an effector molecule, that is a detectable label. The C1 or F5 
antibodies speci?cally bind the chimeric molecule to tumor 
cells expressing the c-erbB-2 marker Which are then marked 
by their association With the detectable label. Subsequent 
detection of the cell-associated label indicates the presence 
and/ or mass and/ or location of a tumor cell. 
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[0074] In yet another embodiment, the effector molecule 
may be another speci?c binding moiety including, but not 
limited to an antibody, an antigen binding domain, a groWth 
factor, or a ligand. The chimeric molecule Will then act as a 
highly speci?c bifunctional linker. This linker may act to bind 
and enhance the interaction betWeen cells or cellular compo 
nents to Which the chimeric protein binds. Thus, for example, 
Where the “effector” component is an anti-receptor antibody 
or antibody fragment, the C6 antibody component speci? 
cally binds c-erbB-2 bearing cancer cells, While the effector 
component binds receptors (e.g., IL-2, IL-4, FcI, FcII and 
FcIII receptors) on the surface of immune cells. The chimeric 
molecule may thus act to enhance and direct an immune 
response toWard target cancer cells. 

[0075] In still yet another embodiment the effector mol 
ecule may be a pharmacological agent (e. g. a drug). Thus the 
C1 or F5 antibody may be conjugated to a drug such as 
vinblastine, vindesine, melphalan, N-acetylmelphalan, meth 
otrexate, aminopterin, doxirubicin, daunorubicin, genistein 
(a tyrosine kinase inhibitor), an antisense molecule, and other 
pharmacological agents knoWn to those of skill in the art, 
thereby speci?cally targeting the pharmacological agent to 
tumor cells expressing c-erbB-2. 
[0076] Alternatively, the F5 or C1 antibodies may be bound 
to a vehicle containing the therapeutic composition. Such 
vehicles include, but are not limited to liposomes, micelles, 
various synthetic beads, and the like. 
[0077] One of skill in the art Will appreciate that the chi 
meric molecules of the present invention optionally includes 
multiple targeting moieties (F5 and/or C1 antibodies) bound 
to a single effector or conversely, multiple effector molecules 
bound to a single targeting moiety. In still other embodiment, 
the chimeric molecules include both multiple targeting moi 
eties and multiple effector molecules. Thus, for example, this 
invention provides for “dual targeted” cytotoxic chimeric 
molecules in Which the F5 or C 1 antibody is attached to a 
cytotoxic molecule While another molecule (e. g. an antibody, 
or another ligand) is attached to the other terminus of the 
toxin. Such a dual-targeted cytotoxin might comprise, eg an 
F5 or C1 antibody substituted for domain Ia at the amino 
terminus of a PE and anti-TAC(Fv) inserted in domain III. 
Other antibodies may also be suitable effector molecules. 

[0078] As indicated above, preferred F5 and C1 antibodies 
of this invention are intemaliZing antibodies. Often such 
internaliZing antibodies have a biological activity even With 
out the presence of an effector molecule. Many receptors (for 
example groWth factor receptors) use intemaliZation as a Way 
of modulating and regulating the effect of ligands. For 
example, ligand binding can result in signal transduction and 
receptor intemaliZation. The decrease in the number of recep 
tors then causes doWn regulation of the effect of additional 
ligand. The same occurs With antibodies that bind groWth 
factor receptors (HurWitZ et al. (1995) Proc. Natl. Acad. Sci. 
USA. 92: 3353-3357). For example, “[g]roWth factors act by 
binding to and activating the intrinsic catalytic activity of 
their cell surface receptors, thereby initiating a signaling cas 
cade leading to the cellular response. GroWth factor/receptor 
complexes are not static residents of the cell surface mem 
brane but undergo endocytic traf?cking processes of intemal 
iZation and sorting to recycling or degradation. Consequently, 
groWth factors are depleted from the extracellular medium 
and their receptors undergo doWn-regulation. These traf?ck 
ing processes, by virtue of their in?uence on the kinetics of 
signaling groWth factor/receptor complexes, are important 
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modulators of cell behavioral responses” (Reddy et al. (1996) 
Nature Biotech. 14: 1696-1699) 
[0079] In the ErbB2 system, one mechanism by Which 
ErbB2 binding antibodies inhibit growth is to cause receptor 
internalization and doWn regulation (HurWitz et al. (1995) 
Proc. Natl. Acad. Sci. USA. 92: 3353-3357). It also may be 
possible to turn an internalizing antibody that binds a growth 
factor receptor into a groWth inhibitor or stimulatory anti 
body. For example, the mitogenic properties of EGF have 
been increased by loWering the a?inity of EGF for the EGF 
receptor. The loWer a?inity EGF causes receptor signaling, 
but reduced internalization and doWn regulation than Wild 
type EGF (presumably from the loWer a?inity) (Reddy et al. 
(1996) Nature Biotech. 14: 1696-1699). Thus loWering the 
a?inity of a C1 or F5 internalizing antibody could turn it into 
a groWth factor. The F5 and C1 internalizing antibodies of this 
invention can provide lead compounds/ drugs for both groWth 
inhibition and groWth stimulation. 

II. Preparation/ Synthesis of F5 and C1 Antibodies. 

[0080] Using the sequence information provided herein 
(SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 
4), the explicitly listed F5 and C1 antibodies can be routinely 
created either by de novo chemical synthesis or by recombi 
nant DNA expression techniques. Similarly modi?ed F5 and 
C1 antibodies identi?ed according to the methods as Well as 
the chimeric molecules of this invention can be synthesized 
de novo or recombinantly expressed (particularly Where the 
chimeric molecule is a fusion protein. 

[0081] A) Chemical Synthesis. 
[0082] The F5 and C1 antibodies of this invention can be 
chemically synthesized using Well knoWn methods of peptide 
synthesis. Solid phase synthesis in Which the C-terminal 
amino acid of the sequence is attached to an insoluble support 
folloWed by sequential addition of the remaining amino acids 
in the sequence one preferred method for the chemical syn 
thesis of C1 and F5 antibodies. Techniques for solid phase 
synthesis are described by Barany and Merri?eld, Solid 
Phase Peptide Synthesis; pp. 3-284 in The Peptides.'Analysis, 
Synthesis, Biology. Vol. 2: Special Methods in Peptide Syn 
thesis, Part A., Merri?eld et al. (1963) .1. Am. Chem. Soc., 85: 
2149-2156, and SteWart et al. (1984) Solid Phase Peptide 
Synthesis, 2nd ed. Pierce Chem. Co., Rockford, Ill. 
[0083] Typically F5 and C1 antibodies are chemically syn 
thesized using an automated peptide synthesizer such as an 
EppendorfSynostat (Madison, Wis.) or a Milligen 9050 (Mil 
ford, Mass.), although manual methods of composition pep 
tide synthesis also can be used. In one embodiment, synthesis 
is on a polyethylene glycolpolystyrene (PEG-PS) graft resin 
and using Na-Fmoc amino acid derivatives as described in 
US. Pat. No. 5,547,939. Other resins and synthesis chemis 
tries (e.g. T-boc) can be used. 

[0084] 
[0085] In a preferred embodiment, the F5 or C1 antibodies 
of this invention are prepared using standard techniques Well 
knoWn to those of skill in the art in combination With the 
polypeptide and nucleic acid sequences provided herein. The 
polypeptide sequences may be used to determine appropriate 
nucleic acid sequences encoding the particular F5 or C1 anti 
body disclosed thereby. The nucleic acid sequence may be 
optimized to re?ect particular codon “preferences” for vari 
ous expression systems according to standard methods Well 

B) Recombinant Expression. 

Sep. 8, 2011 

knoWn to those of skill in the art. Alternatively, the nucleic 
acid sequences provided herein may also be used to express 
F5 or C1 antibodies. 

[0086] Using the sequence information provided, the 
nucleic acids may be synthesized according to a number of 
standard methods knoWn to those of skill in the art. Oligo 
nucleotide synthesis, is preferably carried out on commer 
cially available solid phase oligonucleotide synthesis 
machines (Needham-VanDevanter et al. (1 984) NucleicAcids 
Res. 12: 6159-6168) or manually synthesized using the solid 
phase phosphoramidite triester method described by Beau 
cage et. al. (Beaucage et. al. (1981) Tetrahedron Letts. 22(20): 
1 85 9-1 862). 
[0087] Once a nucleic acid encoding a P5 or C1 antibody is 
synthesized it may be ampli?ed and/or cloned according to 
standard methods. Molecular cloning techniques to achieve 
these ends are knoWn in the art. A Wide variety of cloning and 
in vitro ampli?cation methods suitable for the construction of 
recombinant nucleic acids, e.g., encoding F5 or C1 antibody 
genes, are knoWn to persons of skill. Examples of these tech 
niques and instructions su?icient to direct persons of skill 
through many cloning exercises are found in Berger and 
Kimmel, Guide to Molecular Cloning Techniques, Methods 
in Enzymology volume 152 Academic Press, Inc., San Diego, 
Calif. (Berger); Sambrook et al. (1989) Molecular Clon 
ingiA Laboratory Manual (2nd ed.) Vol. 1-3, Cold Spring 
Harbor Laboratory, Cold Spring Harbor Press, NY, (Sam 
brook); and Current Protocols in Molecular Biology F. M. 
Ausubel et al., eds., Current Protocols, a joint venture 
betWeen Greene Publishing Associates, Inc. and John Wiley 
& Sons, Inc., (1994 Supplement) (Ausubel). Methods of pro 
ducing recombinant immunoglobulins are also knoWn in the 
art. See, Cabilly, US. Pat. No. 4,816,567; and Queen et al. 
(1989) Proc. NatlAcad. Sci. USA 86: 10029-10033. 
[0088] Examples of techniques su?icient to direct persons 
of skill through in vitro ampli?cation methods, including the 
polymerase chain reaction (PCR) the ligase chain reaction 
(LCR), Q [3-replicase ampli?cation and other RNA poly 
merase mediated techniques are found in Berger, Sambrook, 
and Ausubel, as Well as Mullis et al., (1987) US. Pat. No. 
4,683,202; PCR ProtocolsA Guide to Methods andApplica 
tions (Innis et al. eds) Academic Press Inc. San Diego, Calif. 
(1990) (Innis); Amheim & Levinson (Oct. I, 1990) C&EN 
36-47; The Journal OfNIHResearch (1 991) 3, 81-94; (KWoh 
et al. (1989) Proc. Natl. Acad. Sci. USA 86, 1173; Guatelli et 
al. (1990) Proc. Natl. Acad. Sci. USA 87, 15 1874; Lomeli et 
al. (1989) J. Clin. Chem 35, 1826; Landegren et al., (1988) 
Science 241, 1077-1080; Van Brunt (1990) Biotechnology 
8,291 -294; Wu and Wallace, (1989) Gene 4, 560; and Barrin 
ger et al. (1990) Gene 89, 117 Improved methods of cloning 
in vitro ampli?ed nucleic acids are described in Wallace et al., 
US. Pat. No. 5,426,039. 
[0089] Once the nucleic acid for a P5 or C1 antibody is 
isolated and cloned, one may express the gene in a variety of 
recombinantly engineered cells knoWn to those of skill in the 
art. Examples of such cells include bacteria, yeast, ?lamen 
tous fungi, insect (especially employing baculoviral vectors), 
and mammalian cells. It is expected that those of skill in the 
art are knoWledgeable in the numerous expression systems 
available for expression of F5 or C1 antibodies. 

[0090] In brief summary, the expression of natural or syn 
thetic nucleic acids encoding F5 or C1 antibodies Will typi 
cally be achieved by operably linking a nucleic acid encoding 
the antibody to a promoter (Which is either constitutive or 
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inducible), and incorporating the construct into an expression 
vector. The vectors can be suitable for replication and/or 
integration in prokaryotes, eukaryotes, or both. Typical clon 
ing vectors contain transcription and translation terminators, 
initiation sequences, and promoters useful for regulation of 
the expression of the nucleic acid encoding the F5 or C1 
antibody. The vectors optionally comprise generic expression 
cassettes containing at least one independent terminator 
sequence, sequences permitting replication of the cassette in 
both eukaryotes and prokaryotes, i.e., shuttle vectors, and 
selection markers for both prokaryotic and eukaryotic sys 
tems. See Sambrook, supra. 
[0091] To obtain high levels of expression of a cloned 
nucleic acid it is common to construct expression plasmids 
Which typically contain a strong promoter to direct transcrip 
tion, a ribosome binding site for translational initiation, and a 
transcription/translation terminator. Examples of regulatory 
regions suitable for this purpose in E. coli are the promoter 
and operator region of the E. coli tryptophan biosynthetic 
pathWay as described by Yanofsky (1984) .1. Bacteriol., 158: 
1018-1024 and the leftward promoter of phage lambda (P L) as 
described by HerskoWitZ and Hagen (1980) Ann. Rev. Genet, 
14: 399-445. The inclusion of selection markers in DNA 
vectors transformed inE. coli is also useful. Examples of such 
markers include genes specifying resistance to ampicillin, 
tetracycline, or chloramphenicol. See Sambrook for details 
concerning selection markers, e.g., for use in E. coli. 

[0092] Expression systems for expressing F5 or C1 anti 
bodies are available using E. coli, Bacillus sp. (Palvaet al. 
(1983) Gene 22:229-235; Mosbach, et al., Nature, 302:543 
545) and Salmonella. E. coli systems are preferred. 
[0093] The F5 or C1 antibodies produced by prokaryotic 
cells may require exposure to chaotropic agents for proper 
folding. During puri?cation from, e.g., E. coli, the expressed 
protein is optionally denatured and then renatured. This is 
accomplished, e.g., by solubiliZing the bacterially produced 
antibodies in a chaotropic agent such as guanidine HCl. The 
antibody is then renatured, either by sloW dialysis or by gel 
?ltration. See, US. Pat. No. 4,511,503. 
[0094] Methods of transfecting and expressing genes in 
mammalian cells are knoWn in the art. Transducing cells With 
nucleic acids can involve, for example, incubating viral vec 
tors containing F5 or C1 nucleic acids With cells Within the 
host range of the vector. See, e.g., Methods in Enzymology, 
vol. 185,Academic Press, Inc., San Diego, Calif. (D. V. Goed 
del, ed.) (1990) or M. Krieger, Gene Transfer and Expres 
sioniA Laboratory Manual, Stockton Press, NeW York, 
N.Y., (1990) and the references cited therein. 
[0095] The culture of cells used in the present invention, 
including cell lines and cultured cells from tissue or blood 
samples is Well known in the art. Freshney (Culture ofAnimal 
Cells, a Manual of Basic Technique, third edition Wiley-Liss, 
NeW York (1994)) and the references cited therein provides a 
general guide to the culture of cells. 
[0096] Techniques for using and manipulating antibodies 
are found in Coligan (1991) Current Protocols in Immunol 
ogy Wiley/Greene, NY; HarloW and Lane (1989) Antibodies: 
A Laboratory Manual Cold Spring Harbor Press, NY; Stites et 
al. (eds.) Basic and Clinical Immunology (4th ed.) Lange 
Medical Publications, Los Altos, Calif., and references cited 
therein; Goding (1986) Monoclonal Antibodies: Principles 
and Practice (2d ed.) Academic Press, NeW York, NY; and 
Kohler and Milstein (1975) Nature 256: 495-497. 
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[0097] In one preferred embodiment the F5 or C1 antibody 
gene is subcloned into an expression vector, e.g., pUC1 19S?/ 
NotHismyc (Schier et al. (1995) Immunotechnology. 1: 
63-71). This results in the addition of a hexa-histidine tag at 
the C-terminal end of the scFv. A pHEN-1 vector DNA con 
taining the F5 or C1 scFv DNA is prepared by alkaline lysis 
miniprep, digested With Ncol and Notl, and the scFv DNA 
puri?ed on a 1.5% agarose gel. The F5 or C1 scFv DNA is 
ligated into pUC119S?1/Not1Hismyc digested With Ncol 
and Notl and the ligation mixture used to transform electro 
competent E. coli HB2151. For expression, 200 ml of2>< TY 
media containing 100 ug/ml ampicillin and 0.1% glucose is 
inoculated With E. coli HB2151 harboring the F5 or C1 gene 
in pUC119S?1/Not1Hismyc. The culture is groWn at 37° C. 
to anA600 nm of 0.8. Soluble scFv is expression induced by 
the addition of IPTG to a ?nal concentration of 1 mM, and the 
culture is groWn at 30° C. in a shaker ?ask overnight. 
[0098] The F5 or C1 antibodies may then be harvested from 
the periplasm using the folloWing protocol: Cells are har 
vested by centrifugation at 4000 g for 15 min, resuspended in 
10 ml ofice cold 30 mM Tris-HCl pH 8.0, 1 mM EDTA, 20% 
sucrose, and incubated on ice for 20 minutes. The bacteria are 
then pelleted by centrifugation at 6000g for 15 min. and the 
“periplasmic fraction” cleared by centrifugation at 30,000 g 
for 20 min. The supernatant is then dialyZed overnight at 4° C. 
against 8 L of lMAC loading buffer (50 mM sodium phos 
phate pH 7.5, 500 mM NaCl, 20 mM imidaZole) and then 
?ltered through a 0.2 micron ?lter. 

[0099] In a preferred embodiment, the F5 and/ or C1 scFv is 
puri?ed by lMAC. All steps are preferably performed at 4° C. 
A column containing 2 ml of Ni-NTA resin (Qiagen) is 
Washed With 20 ml lMAC column Wash buffer (50 mM 
sodium phosphate pH 7.5, 500 mM NaCl, 250 mM imida 
Zole) and 20 ml of lMAC loading buffer. The periplasmic 
preparation is then loaded onto the column and the column 
Washed sequentially With 50 ml lMAC loading buffer and 50 
ml lMAC Washing buffer (50 mM sodium phosphate pH 7.5, 
500 mM NaCl, 25 mM imidaZole). Protein Was eluted With 25 
ml lMAC elution buffer (50 mM sodium phosphate pH 7.5, 
500 mM NaCl, 100 mM imidaZole) and 4 ml fractions col 
lected. The F5 and C1 antibody may be detected by absor 
bance at 280 nm and scFv fraction eluted. To remove dimeric 
and aggregated scFv, samples can be concentrated to a vol 
ume<1 ml in a Centricon 10 (Amicon) and fractionated on a 
Superdex 75 column using a running buffer of HBS (10 mM 
Hepes, 150 mM NaCl, pH 7.4). 
[0100] The purity of the ?nal preparation may be evaluated 
by assaying an aliquot by SDS-PAGE. The protein bands can 
be detected by Coomassie staining. The concentration can 
then be determined spectrophotometrically, assuming that an 
A280 nm of 1.0 corresponds to an scFv concentration of 0.7 
mg/ml . 

Ill. Modi?cation of and/or Selection of Modi?ed F5 and C1 
Antibodies. 

[0101] In a preferred embodiment, generation of neW (dif 
ferent) F5 or C1 antibodies involves generating an antibody 
(e.g. Whole antibody, antibody fragment, or single chain anti 
body) and then screening the antibody to verify that it is an F5 
or C1 antibody (i .e. that it binds the epitope bound by F5 or C1 
and more preferably that it is internalized). The antibodies to 
be screened can be randomly generated by a variety of means, 
produced in vivo (eg by immunization of an animal With a 
c-erbB2 epitope), or produced ex vivo, e. g. in a phage, or 
other, display library. The antibodies thus produced are then 
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screened for c-erbB2 binding a?inity and/ or for speci?c bind 
ing to an F5 or C1 epitope, and/or for internalization into a cell 
bearing the c-erbB2 receptor or fragment(s) thereof. 
[0102] A) Generation of F5- and C1-Derived Antibodies 
for Screening. 
[0103] Alternatively the F5- and C1 -derived antibodies are 
preferably obtained by one of several strategies utilizing the 
F5 and C1 sequences provided herein. Such methods include, 
but are not limited to: 1) derivation by chain shu?ling; 2) 
derivation by site directed mutagenesis of CDRs; 3) deriva 
tion by introducing multiple mutations into sequence by 
either error prone PCR, mutator strains of E. cali, or “DNA 
shu?ling”. These derived antibodies include ‘library 
approaches’ Where libraries of mutant sequences based on F5 
or C1 are created and binding function is then selected for. 

[0104] 1) Generation of Phage-Display Libraries. 
[0105] The ability to express antibody fragments on the 
surface of viruses that infect bacteria (bacteriophage or 
phage) makes it possible to isolate a single binding antibody 
fragment from a library of greater than 1010 nonbinding 
clones. To express antibody fragments on the surface of phage 
(phage display), an antibody fragment gene is inserted into 
the gene encoding a phage surface protein (p111) and the 
antibody fragment-pIII fusion protein is displayed on the 
phage surface (McCafferty et al. (1990) Nature, 348: 552 
554; Hoogenboom et al. (1991) NucleicAcids Res. 19: 4133 
4137). Since the antibody fragments on the surface of the 
phage are functional, phage bearing antigen binding antibody 
fragments can be separated from non-binding phage by anti 
gen a?inity chromatography (McCafferty et al. (1990) 
Nature, 348: 552-554). Depending on the a?inity of the anti 
body fragment, enrichment factors of 20 fold-1,000,000 fold 
are obtained for a single round of a?inity selection. By infect 
ing bacteria With the eluted phage, hoWever, more phage can 
be groWn and subjected to another round of selection. In this 
Way, an enrichment of 1000 fold in one round can become 
1,000,000 fold in tWo rounds of selection (McCafferty et al. 
(1990) Nature, 348: 552-554). Thus even When enrichments 
are loW (Marks et al. (1991) J. Mal. Biol. 222: 581-597), 
multiple rounds of a?inity selection can lead to the isolation 
of rare phage. Since selection of the phage antibody library on 
antigen results in enrichment, the majority of clones bind 
antigen after four rounds of selection. Thus only a relatively 
small number of clones (several hundred) need to be analyZed 
for binding to antigen. It is noted that in certain preferred 
embodiments, polyvalent phage display systems are pre 
ferred as indicated in the Examples. 
[0106] In a preferred embodiment, analysis for binding is 
simpli?ed by including an amber codon betWeen the antibody 
fragment gene and gene III. The amber codon makes it pos 
sible to easily sWitch betWeen displayed and soluble (native) 
antibody fragment simply by changing the host bacterial 
strain (Hoogenboom et al. (1991) Nucleic Acids Res. 19: 
4 1 33 -4 1 37). 
[0107] Human antibodies can be produced Without prior 
immuniZation by displaying very large and diverse V-gene 
repertoires on phage (Marks et al. (1991) J. Mal. Bial. 222: 
581-597). In one embodiment natural VH and VL repertoires 
present in human peripheral blood lymphocytes Were isolated 
from unimmuniZed donors by PCR. The V-gene repertoires 
Were spliced together at random using PCR to create a scFv 
gene repertoire Which Was cloned into a phage vector to create 
a library of 30 million phage antibodies (Id.). From this single 
“naive” phage antibody library, binding antibody fragments 
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have been isolated against more than 17 different antigens, 
including haptens, polysaccharides and proteins (Marks et al. 
(1991) J Mal. Bial. 222: 581-597; Marks et al. (1993). Bia/ 
Technalagy. 10: 779-783; Grif?ths et al. (1993) EMBO J. 12: 
725-734; Clackson et al. (1 991) Nature. 352: 624-628). Anti 
bodies have been produced against self proteins, including 
human thyroglobulin, immunoglobulin, tumor necrosis fac 
tor and CEA (Grif?ths et al. (1993) EMBOJ. 12: 725-734). It 
is also possible to isolate antibodies against cell surface anti 
gens by selecting directly on intact cells. For example, anti 
body fragments against four different erythrocyte cell surface 
antigens Were produced by selecting directly on erythrocytes 
(Marks et al. (1993). Bio/Technology. 10: 779-783). Antibod 
ies Were produced against blood group antigens With surface 
densities as loW as 5,000 sites/cell. The antibody fragments 
Were highly speci?c to the antigen used for selection, and 
Were functional in agglutination and immuno?uorescence 
assays. Antibodies against the loWer density antigens Were 
produced by ?rst selecting the phage antibody library on a 
highly related cell type Which lacked the antigen of interest. 
This negative selection removed binders against the higher 
density antigens and subsequent selection of the depleted 
phage antibody library on cells expressing the antigen of 
interest resulted in isolation of antibodies against that antigen. 
With a library of this siZe and diversity, at least one to several 
binders can be isolated against a protein antigen 70% of the 
time. The antibody fragments are highly speci?c for the anti 
gen used for selection and have a?inities in the 1 uM to 100 
nM range (Marks et al. (1991) J Mal. Bial. 222: 581-597; 
Grif?ths et al. (1993) EMBO J. 12: 725-734). Larger phage 
antibody libraries result in the isolation of more antibodies of 
higher binding af?nity to a greater proportion of antigens. 
[0108] The creation of a suitable large phage display anti 
body library is described in detail in the examples provided 
herein. 

[0109] 2) Phage Display can be used to Increase Antibody 
A?inity. 
[0110] To create higher a?inity antibodies, mutant anti 
body gene repertories, based on the sequence of a binding F5 
or C1 antibody (e.g., based on the scFv F5 or C1 antibodies 
described herein), are created and expressed on the surface of 
phage. Higher a?inity scFvs are selected on antigen as 
described above, in the Examples, and in Schier et al. (1996) 
j. Mal. Bial., 263: 551-567. 
[0111] Higher af?nity scFvs are selected by a?inity chro 
matography on antigen as described above. One approach to 
creating mutant scFv gene repertoires has been to replace the 
original VH or VL gene With a repertoire of V-genes to create 
neW partners (chain shu?ling) (Clackson et al. (1 991) Nature. 
352: 624-628). Using chain shuf?ing and phage display, the 
a?inity of a human scFv antibody fragment Which bound the 
hapten phenyloxaZolone (phOx) Was increased from 300 nM 
to 1 nM (300 fold) (Marks et al. (1992) Bia/Technalagy 10: 
779-783). 
[0112] Thus, for example, to alter the a?inity of F5 or C1 
antibodies, a mutant scFv gene repertoire can be created 
containing the VH gene of F5 or C1 and a human VL gene 
repertoire (light chain shuf?ing). The scFv gene repertoire 
can be cloned into the phage display vector pHEN-l (Hoo 
genboom et al. (1991) Nucleic Acids Res., 19: 4133-4137) 
and after transformation a library of transformants is 
obtained. Phage are prepared and concentrated as described 
in the Examples. 
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[0113] Similarly, for heavy chain shu?ling, the F5 or C1 VH 
CDRl and/or CDR2, and/or CDR3 and light chain are cloned 
into a vector containing a human VH gene repertoire to create 
a phage antibody library transforrnants. For detailed descrip 
tions of chain shuf?ing to increase antibody af?nity see 
Schier et al. (1996) J. Mol Biol, 255: 28-43, 1996. 
[0114] C1 and F5 selections can be performed by incubat 
ing the phage With biotinylated c-erbB-2 in solution. The 
antigen concentration is decreased each round, reaching a 
concentration less than the desired K d bp the ?nal rounds of 
selection. This results in the selection of phage on the basis of 
a?inity (Hawkins et al. (1992) J. Mol Biol. 226: 889-896). 
[0115] 3) Site-Directed Mutagenesis to Improve Binding 
A?inity. 
[0116] The majority of antigen contacting amino acid side 
chains are located in the complementarity determining 
regions (CDRs), three in the VH(CDR1, CDR2, and CDR3) 
and three in the VL (CDRl, CDR2, and CDR3) (Chothia et al. 
(1987) J. Mol Biol, 196: 901-917; Chothia et al. (1986) 
Science, 233: 755-8; Nhan et al. (1991) J Mol Biol, 217: 
133-151). These residues contribute the majority of binding 
energetics responsible for antibody af?nity for antigen. In 
other molecules, mutating amino acids Which contact ligand 
has been shoWn to be an effective means of increasing the 
a?inity of one protein molecule for its binding partner (LoW 
man et al. (1993) J Mol Biol, 234: 564-578; Wells (1990) 
Biochemistry, 29: 8509-8516). Site-directed mutagenesis of 
CDRs and screening against c-erbB-2 may be used to gener 
ate C6 antibodies having improved binding af?nity and/or 
internalization of F5 and C1 antibodies. 

[0117] 4) CDR Randomization to Produce Higher Af?nity 
Human scFv. 

[0118] In an extension of simple site-directed mutagenesis, 
mutant antibody libraries can be created Where partial or 
entire CDRs are randomized (V L CDRl and CDR2 and VH 
CDRl, CDR2 and CDR3). In one embodiment, each CDR is 
randomized in a separate library, using F5 or C1 as a template. 
The CDR sequences of the highest af?nity mutants from each 
CDR library are combined to obtain an additive increase in 
a?inity. A similar approach has been used to increase the 
a?inity of human groWth hormone (hGH) for the groWth 
hormone receptor over 1500 fold from 3.4><10_l0 to 90x10“ 
13 M (LoWman et al. (1993) J. Mol Biol, 234: 564-578). 
[0119] VH CDR3 occupies the center of the binding pocket, 
and thus mutations in this region are likely to result in an 
increase in a?inity (Clackson et al. (1995) Science, 267: 383 
386). In one embodiment, four VH CDR3 residues are ran 
domized at a time using the nucleotides NNS (see, e.g., Schier 
et al. (1996) Gene, 169: 147-155; Schier and Marks (1996) 
Human Antibodies and Hybridomas. 7: 97-105, 1996; and 
Schier et al. (1996) J. Mol Biol. 263: 551-567, 1996). 
[0120] To create the library, an oligonucleotide is synthe 
sized Which anneals to the F5 or C1 VH frameWork 3 and 
encodes VH CDR3 and a portion of frameWork 4. At the four 
positions to be randomized, the sequence NNS is used, Where 
NIany of the 4 nucleotides, and SIC or T. The oligonucle 
otides are used to amplify the F5 or C1 VH genes using PCR, 
creating a mutant F5 or C1 VH gene repertoire. PCR is used to 
splice the VH gene repertoire With the C6NIL3-B1 light chain 
gene, and the resulting scFv gene repertoire cloned into the 
phage display vector pHEN-l . Li gated vector DNA is used to 
transform electrocompetent E. coli to produce a phage anti 
body library of >1.0><107 clones (Id.). 
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[0121] To select higher a?inity mutant scFv, each round of 
selection of the phage antibody libraries is conducted on 
decreasing amounts of biotinylated c-erbB-2, as described 
above. Typically, 96 clones from the third and fourth round of 
selection are screened for binding to c-erbB-2 bp ELISA on 
96 Well plates. scFv from tWenty to forty ELISA positive 
clones are expressed in 10 ml cultures, the periplasm har 
vested, and the scFv kofdetermined by BlAcore. Clones With 
the sloWest kof are sequenced, and each unique scFv sub 
cloned, e.g., into pUC119 Sf-NotmycHis. scFv is expressed 
in IL cultures, and puri?ed as described supra. Af?nities of 
puri?ed scFv are determined by BIAcore. 

[0122] 5) Creation of Homodimers. 
[0123] To create F5 or C1 (scFv’)2 antibodies, tWo F5 or 
tWo C1 scFvs are joined, either through a linker (e.g., a carbon 
linker, a peptide, etc.) or through a disul?de bond betWeen, for 
example, tWo cysteins. Thus, for example, to create disul?de 
linked F5 scFv, a cysteine residue is introduced by site 
directed mutagenesis betWeen the myc tag and hexahistidine 
tag at the carboxy-ter'minus of F5. Introduction of the correct 
sequence can be veri?ed by DNA sequencing. If the construct 
is in pUC119, the pelB leader directs expressed scFv to the 
periplasm and cloning sites (Nco1 and Not1) exist to intro 
duce F5 or C1 mutant scFv. The expressed scFv has the myc 
tag at the C-terminus, folloWed by 2 glycines, a cysteine, and 
then 6 histidines to facilitate puri?cation by IMAC. After 
disul?de bond formation betWeen the tWo cysteine residues, 
the tWo scFv are separated from each other by about 26 amino 
acids (tWo 11 amino acid myc tags and 4 glycines). 
[0124] An scFv can be expressed from this construct, puri 
?ed by IMAC, and analyzed by gel ?ltration. To produce 
(scFv')2 dimers, the cysteine is reduced by incubation With 1 
mM [3-mercaptoethanol, and half of the scFv blocked by the 
addition of DTNB. Blocked and unblocked scFvs are incu 
bated together to form (scFv')2 and the resulting material can 
be analyzed by gel ?ltration. The a?inity of the F5 and C1 
scFv' monomers and the F5 and C1 (scFv')2 dimers is deter 
mined by BIAcore. 

[0125] In a particularly preferred embodiment, the (scFv')2 
dimer is created by joining the scFv' fragments through a 
linker, more preferably through a peptide linker. This can be 
accomplished by a Wide variety of means Well knoWn to those 
of skill in the art. For example, one preferred approach is 
described by Holliger et al. (1993) Proc. Natl Acad. Sci. USA, 
90: 6444-6448 (see also WO 94/13804). 
[0126] B) Recognizing/Selecting F5 or C1 Antibodies 
[0127] As indicated above, in one embodiment, this inven 
tion provides tWo anti-c -erbB-2 antibodies that are effectively 
internalized. These antibodies, designated herein as F5 (SEQ 
ID NO: 1) and C1 (SEQ ID NO: 2), speci?cally bind to a 
previously unrecognized epitope on the external domain of 
c-erB-2, and thereby characterize that epitope. Using the 
information provided provided, other F5 and C1 antibodies 
that bind the same epitope can be routinely prepared. 

[0128] Regardless of the method used to generate neW C1 
or F5 antibodies (e.g. animal immunization With c-erbB2, 
domain shuf?ing in a single-chain antibody library, etc.) to 
verify that the antibody produced is a preferred F5 or C1 
antibody, the putative F5 or C1 antibody is preferably 
screened for 1) binding af?nity for c-erbB2; and/or 2) speci?c 
binding of the F5 and/ or C1 epitope; and 3) internalization. 



US 2011/0218333 A1 

[0129] 1) Measurement of Antibody/Polypeptide Binding 
A?inity. 
[0130] As explained above, selection for increased avidity 
involves measuring the a?inity of the antibody (eg a modi 
?ed F5 or C1) for the target antigen (e.g., c-erbB-2). Methods 
of making such measurements are described in detail in 
copending application U.S. Ser. No. 08/665,202, noW U.S. 
Pat. No. 5,977,322. Brie?y, for example, the Kd of F5- or 
C1-derived antibody the kinetics of binding to c-erbB-2 are 
determined in a BIAcore, a biosensor based on surface plas 
mon resonance. For this technique, antigen is coupled to a 
derivatiZed sensor chip capable of detecting changes in mass. 
When antibody is passed over the sensor chip, antibody binds 
to the antigen resulting in an increase in mass that is quanti 
?able. Measurement of the rate of association as a function of 
antibody concentration can be used to calculate the associa 
tion rate constant (kon). After the association phase, buffer is 
passed over the chip and the rate of dissociation of antibody 
(k0!) determined K0” is typically measured in the range 1.0x 
10 to 5.0><106 and kofin the range 1.0><10_l to 1.0><10_6. The 
equilibrium constant Kd is often calculated as k0 km and 
thus is typically measured in the range 10'5 to 10' 2. A?ini 
ties measured in this manner correlate Well With a?inities 
measured in solution by ?uorescence quench titration. 
[0131] Preferred F5 and C1 antibodies bind to the c-erbB-2 
F5 and C1 epitope on cells With a binding a?inity of at least 
10'5 M, more preferably With a binding a?inity of at least 1 
nM, and mo st preferably With a binding a?inity of at least 100 
nM, 10 nM, or even 1 nM. 
[0132] 2) Identi?cation of Antibodies that Bind the Epitope 
Bound by F5 and/or C1 
[0133] The F5 and C1 antibodies (e.g., antibodies that bind 
the same epitope bound by C1 and F5) can be identi?ed 
(selected) from serum derived from an appropriately immu 
niZed animal, or from an ex vivo system (e. g., a random 
antibody library) by selection for antibodies that compete 
With C1 or F5 for binding to a c-erbB2 epitope. The F5 and C1 
derived antibodies are recogniZed by their cross-reactivity 
With either 1) the c-erbB-2 epitope recogniZed by F5 and C1; 
and/or 2) an anti F5 or C1 idiotypic antibody. For targeting 
and intemaliZation, high af?nity F5 and C1 antibodies are 
preferred, hoWever, if it is desired to convert an antagonist to 
an agonist it is expected that loW af?nity F5 and C1 antibodies 
may be preferred. Moreover, for many applications rapid and 
e?icient intemaliZation is more important than a?inity and a 
loWer a?inity antibody that is rapidly intemaliZed may be 
preferred to a higher a?inity antibody that is not intemaliZed 
as quickly. 
[0134] a) Cross-Reactivity With Anti-Idiotypic Antibodies. 
[0135] The idiotype represents the highly variable antigen 
binding site of an antibody and is itself immunogenic. During 
the generation of an antibody-mediated immune response, an 
individual Will develop antibodies to the antigen as Well as 
anti-idiotype antibodies, Whose immunogenic binding site 
(idiotype) mimics the antigen. 
[0136] F5- and C1-derived antibodies can then be recog 
niZed by their ability to speci?cally bind to F5 and C1-anti 
idiotypic antibodies, i.e., F5- and C1-derived antibodies are 
preferably cross-reactive with P5 and C1 with P5 or C1 anti 
idiotypic antibodies. 
[0137] Anti-idiotypic antibodies can be raised against the 
variable regions of F5 or C1 using standard methods Well 
knoWn to those of skill in the art. Brie?y, anti-idiotype anti 
bodies can be made by injecting antibodies of this invention 
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(eg F5 or C1 antibodies or fragments thereof (e.g., CDRs)) 
into an animal thereby eliciting antiserum against various 
antigenic determinants on the antibody, including determi 
nants in the idiotypic region. 
[0138] Methods for the production of anti-analyte antibod 
ies are Well knoWn in the art. Large molecular Weight antigens 
(greater than approx. 5000 Daltons) can be injected directly 
into animals, Whereas small molecular Weight compounds 
(less than approx. 5000 Daltons) are preferably coupled to a 
high molecular Weight immunogenic carrier, usually a pro 
tein, to render them immunogenic. The antibodies produced 
in response to immuniZation can be utiliZed as serum, ascites 

?uid, an immunoglobulin (lg) fraction, an IgG fraction, or as 
a?inity-puri?ed monospeci?c material. 
[0139] Polyclonal anti-idiotype antibodies can be prepared 
by immunizing an animal With the antibodies of this invention 
prepared as described above. In general, it is desirable to 
immuniZe an animal Which is species and allotype-matched 
With the animal from Which the antibody (e. g. phage-display 
library) Was derived. This minimiZes the production of anti 
bodies directed against non-idiotypic determinants. The anti 
serum so obtained is then usually absorbed extensively 
against normal serum from the same species from Which the 
phage-display library Was derived, thereby eliminating anti 
bodies directed against non-idiotypic determinants. Absorp 
tion can be accomplished by passing antiserum over a gel 
formed by crosslinking normal (nonimmune) serum proteins 
With glutaraldehyde. Antibodies With anti-idiotypic speci?c 
ity Will pass directly through the gel, While those having 
speci?city for non-idiotypic determinants Will bind to the gel 
ImmobiliZing nonimmune serum proteins on an insoluble 
polysaccharide support (e.g., sepharose) also provides a suit 
able matrix for absorption. 
[0140] Monoclonal anti-idiotype antibodies can be pro 
duced using the method of Kohler et al. (1975) Nature 256: 
495. Inparticular, monoclonal anti-idiotype antibodies can be 
prepared using hybridoma technology Which comprises fus 
ing (1) spleen cells from a mouse immuniZed With the antigen 
or hapten-carrier conjugate of interest (i.e., the antibodies or 
this invention or subsequences thereof) to (2) a mouse 
myeloma cell line Which has been selected for resistance to a 
drug (e.g., 8-aZaguanine). In general, it is desirable to use a 
myeloma cell line that does not secrete an immunoglobulin. 
Several such lines are knoWn in the art. A preferred cell line is 
P3X63Ag8.653. This cell line is on deposit at the American 
Type Culture Collection as CRL-1580. 

[0141] Fusion can be carried out in the presence of poly 
ethylene glycol according to established methods (see, e.g., 
Monoclonal Antibodies, R. Kennett, J. McKeam & K. Bech 
tol, eds. N.Y., Plenum Press, 1980, and Current Topics in 
Microbiology &Immunology, Vol. 81, F. Melchers, M. Potter 
& N. L. Warner, eds., N.Y., Springer-Verlag, 1978). The 
resultant mixture of fused and unfused cells is plated out in 
hypoxanthine-aminopterin-thymidine (HAT) selective 
medium. Under these conditions, only hybrid cells Will groW. 
[0142] When su?icient cell groWth has occurred, (typically 
10-14 days post-fusion), the culture medium is harvested and 
screened for the presence of monoclonal idiotypic, anti-ana 
lyte antibody by any one of a number of methods Which 
include solid phase RIA and enZyme-linked immunosorbent 
assay. Cells from culture Wells containing antibody of the 
desired speci?city are then expanded and recloned. Cells 
from those cultures Which remain positive for the antibody of 
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interest are then usually passed as ascites tumors in suscep 
tible, histocompatible, pristane-primed mice. 
[0143] Ascites ?uid is harvested by tapping the peritoneal 
cavity, retested for antibody, and puri?ed as described above. 
If a nonsecreting myeloma line is used in the fusion, af?nity 
puri?cation of the monoclonal antibody is not usually neces 
sary since the antibody is already homogeneous With respect 
to its antigen-binding characteristics. All that is necessary is 
to isolate it from contaminating proteins in ascites, i.e., to 
produce an immunoglobulin fraction. 
[0144] Alternatively, the hybrid cell lines of interest can be 
groWn in serum-free tissue culture and the antibody harvested 
from the culture medium. In general, this is a less desirable 
method of obtaining large quantities of antibody because the 
yield is loW. It is also possible to pass the cells intravenously 
in mice and to harvest the antibody from serum. This method 
is generally not preferred because of the small quantity of 
serum Which can be obtained per bleed and because of the 
need for extensive puri?cation from other serum components. 
HoWever, some hybridomas Will not groW as ascites tumors 
and therefore one of these alternative methods of obtaining 
antibody must be used. 
[0145] b) Cross-Reactivity with E5 or C1. 
[0146] Instead of the anti-idiotypic antibody, putative F5 
and Cl -derived antibodies can be identi?ed by cross-reactiv 
ity with E5 and Cl, respectively, against the c-erbB-2 F5 and 
Cl epitopes. 
[0147] This can be ascertained by providing cells express 
ing native or recombinant c-erbB-2 or by providing the iso 
lated c-erbB-2 attached to a solid support. Competition 
betWeen the putative F5 (or Cl) and the F5 or C1 of SEQ ID 
NOS: 1 and 2, respectively, in an epitope-mapping format 
establishes that the antibodies are competing for the same 
epitope. The putative antibodies are then screened as 
described beloW. 
[0148] c) Cross-Reactivity Measurements. 
[0149] Immunoassays in the competitive binding format 
are preferably used for crossreactivity determinations. For 
example, the F5 or Cl epitope or anti-idiotypic antibody is 
immobilized to a solid support. The putative FS-derived or 
Cl -derived antibodies (e.g. generated by selection from a 
phage-display library) added to the assay compete with E5 or 
Cl antibodies of SEQ ID NOS 1 and 2, respectively binding 
to the immobilized epitope or anti-idiotypic antibody. The 
ability of the putative FS-derived or Cl-derived antibodies to 
compete With the binding of the F5 or Cl antibodies (SEQ ID 
NOS: 1 and 2) to the immobilized protein are compared. The 
percent crossreactivity above proteins is calculated, using 
standard calculations. 
[0150] If the putative FS-derived or Cl-derived antibody 
competes with E5 or Cl and has a binding af?nity comparable 
to or greater than F5 or Cl With the same target then the 
putative FS-derived or Cl-derived antibody is regarded as an 
F5 or Cl (derived) antibody. 
[0151] 3) Measurement of Cl and F5 Antibody Intemaliza 
tion. 
[0152] In one embodiment, this invention provides meth 
ods for identifying internalizing F5 or Cl antibodies. The 
methods involve contacting a “target” cell With one or more 
putative F5 or Cl antibodies (e. g. members of a phage display 
library). After a suitable incubation period, the cells are 
Washed to remove externally bound phage (library members) 
and then internalized phage are released from the cells by cell 
lysis. The internalized phage in the cell lysate can be recov 
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ered and expanded by using the lysate containing internalized 
phage to infect a bacterial host. GroWth of infected bacteria 
leads to expansion of the phage that can be used for a subse 
quent round of selection. Each round of selection enriches for 
phage that are more e?iciently internalized, more speci?c for 
the target cell or have improved binding characteristics. 
[0153] The phage display library is preferably contacted 
With a subtractive cell line (ie a subtractive cell line is added 
to the target cells and culture media) to remove members of 
the phage display library that are not speci?c to the “target” 
cell(s). The subtractive cell line is preferably added under 
conditions in Which members of the phage display library are 
not internalized (e. g., at a temperature of about 40 C. to about 
20° C., more preferably at a temperature of about 40 C.) so 
that non-speci?c binding members of the library are not inter 
nalized (sequestered) before they can be subtracted out by the 
subtractive cell line. 
[0154] After subtracting out non-speci?c binding antibod 
ies, the “target” cells are Washed to remove the subtractive 
cell line and to remove non-speci?cally or Weakly-bound 
phage.” 
[0155] The target cells are then cultured under conditions 
Where it is possible for internalization to occur (eg at a 
temperature of about 35° C. to about 39° C., more preferably 
at a temperature of about 37° C.). The duration of the inter 
nalization culture period Will determine the internalization 
speed of the antibodies (phage display members) for Which 
selection takes place. With shorter internalization periods 
more rapid internalizing antibodies are selected While With 
longer internalization periods sloWer internalizing antibodies 
are selected. The internalization period is preferably less than 
about 120 minutes, more preferably less than about 60 min 
utes, and most preferably less than about 30 minutes or even 
less than about 20 minutes. 
[0156] It is noted that during the internalization period the 
target cells are groWn under conditions in Which intemaliza 
tion can occur. For a number of cell lines, this involves cul 
turing the cells adherently on culture plates. 
[0157] After internalization has been alloWed to occur the 
target cells are Washed to remove non-internalized (e.g. sur 
face-bound phage). 
[0158] The cells can then be moved to clean media. In a 
preferred embodiment, Where the cells are adherent, they 
cells are trypsinized to free the cells from the extracellular 
matrix Which may contain phage antibodies that bind the 
extracellular matrix. Freeing the cells into solution permits 
more through Washing and moving of the cells to a neW 
culture ?ask Will leave behind any phage that may have stuck 
to the tissue culture dish. 
[0159] The cells can then be Washed With a large volume of 
PBS and lysed to release the internalized phage Which can 
then be expanded e.g. used to infect E. coli to produce phage 
for the next round of selection. It is noted that there is no need 
to actually visualize the internalized phage. Simple cell lysis 
and expansion of the formerly internalized phage is suf?cient 
for recovering internalizing phage display members. Meth 
ods of selecting for internalizing phage library members are 
also described in related application U.S. Ser. No. 60/082,953 
and in the Examples provided herein. 

IV. F5 and Cl Epitopes. 

[0160] In another embodiment, this invention provides for 
the epitope(s) speci?cally recognized and bound by the F5 
and Cl antibodies of this invention. This internalizing epitope 
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is characterized by the ability to be speci?cally bound by F5 
and C1 respectively. Thus, the F5 epitope is a region of 
c-erbB2 that speci?cally binds F5 (SEQ ID NO: 1) While the 
C1 epitope is a region of c-erbB2 that speci?cally binds C1 
(SEQ ID NO: 2). It is believed that F5 and C1 both bind to the 
same c-erbB2 epitope. 
[0161] The F5 and C1 epitopes can identi?ed by epitope 
mapping using standard techniques (see, e.g., Geysen et al 
(1987) J. Immunol. Mezh. 102, 259-274). This technique 
involves the synthesis of overlapping c-erbB-2 peptides. The 
synthesiZed peptides are then screened against F5 and C1 
respectively, and the characteristic F5 and C1 epitopes can be 
identi?ed by binding speci?city and af?nity. 
[0162] The peptides for F5 and C1 epitope mapping can be 
conveniently prepared using “Multipin” peptide synthesis 
techniques (see, e.g., Geysen et al (1987) Science, 235:1184 
1190). Using the knoWn sequence of c-erbB-2 (see, e.g, 
SWISS-PROT: P04626 or Coussens et al. (1985) Science, 
230: 1132-1139), overlapping c-erbB-2 polypeptide 
sequences can be synthesiZed individually in a sequential 
manner on plastic pins in an array of one or more 96-Well 
microtest plate(s). 
[0163] The procedure for epitope mapping using this mul 
tipin peptide system is described in US. Pat. No. 5,739,306. 
Brie?y, the pins are ?rst treated With a pre-coat buffer con 
taining 2% bovine serum albumin and 0.1% TWeen 20 in PBS 
for 1 hour at room temperature. Then the pins are then 
inserted into the individual Wells of 96-Well microtest plate 
containing antibody F5 or C1 in the pre-coat buffer at 2 mu 
g/ml. The incubation is for 1 hour at room temperature. The 
pins are Washed in PBST (3 rinses for every 10 minutes), and 
then incubated in the Wells of a 96-Well microtest plate con 
taining 100 mu 1 of HRP-conjugated goat anti-mouse IgG 
(Fc) (Jackson ImmunoResearch Laboratories) at a 1:4,000 
dilution for 1 hour at room temperature. After the pins are 
Washed as before, the pins Were put into Wells containing 
peroxidase substrate solution of diammonium 2,2'-aZino-bis 
[3-ethylbenZthiaZoline-b-sulfonate] (ABTS) and H202 
(Kirkegaard & Perry Laboratories Inc., Gaithersburg, Md.) 
for 30 minutes at room temperature for color reaction. The 
plate is read at 405 nm by a plate reader (e.g., BioTek ELISA 
plate reader) against a background absorption Wavelength of 
492 nm. Wells shoWing color development indicated reactiv 
ity of the c-erbB-2 derived peptides in such Wells with E5 or 
C1. 

V. Preparation of Chimeric Molecules. 

[0164] In another embodiment this invention provides for 
chimeric molecules comprising an F5 or C1 antibody 
attached to an effector molecule. As explained above, the 
effector molecule component of the chimeric molecules of 
this invention may be any molecule Whose activity it is 
desired to deliver to cells that express c-erbB-2. Suitable 
effector molecules include cytotoxins such as PE, Ricin, 
Abrin or DT, radionuclides, ligands such as groWth factors, 
antibodies, detectable labels such as ?uorescent or radioac 
tive labels, and therapeutic compositions such directly fused 
or conjugated drugs, “capsules” (e.g. liposomes, synthetic 
polymer capsules, virus capsids, live virus) containing vari 
ous drugs or other agents (eg nucleic acids). 
[0165] An effector molecule typically has a characteristic 
activity that is desired to be delivered to the target cell (eg a 
tumor overexpressing c-erbB-2). Effector molecules include 
cytotoxins, labels, radionuclides, ligands, antibodies, drugs, 
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liposomes, viruses or viral capsids containing nucleic acids 
((e. g. DNA, RNA, antisense molecules, peptide nucleic acids, 
etc.), and viral coat proteins that render the virus capable of 
infecting a c-erbB-2 expressing cell. Once delivered to the 
target, the effector molecule exerts its characteristic activity. 
[01 66] For example, in one embodiment, Where the effector 
molecule is a cytotoxin, the chimeric molecule acts as a 
potent cell-killing agent speci?cally targeting the cytotoxin to 
tumor cells bearing the c-erbB-2 marker. Chimeric cytotoxins 
that speci?cally target tumor cells are Well knoWn to those of 
skill in the art (see, e.g., Pastan et al. (1992) Ann. Rev. Bio 
chem., 61: 331-354). 
[0167] In another embodiment, the chimeric molecule may 
be used for detecting the presence or absence of tumor cells in 
vivo or in vitro, and/or for quantifying tumor cells in vivo or 
in vitro, and/ or for localizing tumor cells in vivo. These meth 
ods involve providing a chimeric molecule comprising an 
effector molecule, that is a detectable label attached to the F5 
or C1 antibody. The F5 or C1 antibodies speci?cally bind the 
chimeric molecule to tumor cells expressing the c-erbB-2 
marker Which are then marked by their association With the 
detectable label. Subsequent detection of the cell-associated 
label indicates the presence and/or location of a tumor cell. 

[0168] In yet another embodiment, the effector molecule 
may be another speci?c binding moiety including, but not 
limited to an antibody, an antigen binding domain, a groWth 
factor, or a ligand. The chimeric molecule Will then act as a 
highly speci?c bifunctional linker. This linker may act to bind 
and enhance the interaction between cells or cellular compo 
nents to Which the chimeric protein binds. Thus, for example, 
Where the “effector” component is an anti-receptor antibody 
or antibody fragment, the F5 or C1 antibody component 
speci?cally binds c-erbB-2 bearing cancer cells, While the 
effector component binds receptors (e.g., IL-2, IL-4, FcI, FcII 
and FcIII receptors) on the surface of immune cells. The 
chimeric molecule may thus act to enhance and direct an 
immune response toWard target cancer cells. 
[0169] In still yet another embodiment the effector mol 
ecule may be a pharmacological agent (eg a drug) or a 
vehicle containing a pharmacological agent. This is particu 
larly suitable Where it is merely desired to invoke a non-lethal 
biological response. Thus the F5 or C1 antibody receptor may 
be conjugated to a drug such as vinblastine, vindesine, mel 
phalan, N-Acetylmelphalan, methotrexate, aminopterin, 
doxirubicin, daunorubicin, genistein (a tyrosine kinase 
inhibitor), an antisense molecule, and other pharmacological 
agents knoWn to those of skill in the art, thereby speci?cally 
targeting the pharmacological agent to tumor cells expressing 
c-erbB-2. 
[0170] Alternatively, the F5 or C1 antibody may be bound 
to a vehicle containing the therapeutic composition. Such 
vehicles include, but are not limited to liposomes, micelles, 
various synthetic beads or polymer capsules, virus capsids, 
live virus, and the like. 
[0171] One of skill in the art Will appreciate that the chi 
meric molecules of the present invention optionally includes 
multiple targeting moieties bound to a single effector or con 
versely, multiple effector molecules bound to a single target 
ing moiety. In still other embodiment, the chimeric molecules 
includes both multiple targeting moieties and multiple effec 
tor molecules. Thus, for example, this invention provides for 
“dual targeted” cytotoxic chimeric molecules in Which the F5 
or C1 antibody is attached to a cytotoxic molecule While 
another molecule (eg an antibody, or another ligand) is 
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attached to the other terminus of the toxin. Such a dual 
targeted cytotoxin might comprise, eg an F5 or C1 antibody 
substituted for domain Ia at the amino terminus of a PE and 
anti-TAC(Fv) inserted in domain III. Other antibodies may 
also be suitable effector molecules. 
[0172] A) Cytotoxins. 
[0173] Particularly preferred cytotoxins include 
Pseudomonas exotoxins, Diphtheria toxins, ricin, and abrin. 
Pseudomonas exotoxin and Diphtheria toxin, in particular, 
are frequently used in chimeric cytotoxins. 
[0174] 1) Pseudomonas Exotoxin (PE). 
[0175] Pseudomonas exotoxin A (PE) is an extremely 
active monomeric protein (molecular Weight 66 kD), secreted 
by Pseudomonas aeruginosa, Which inhibits protein synthe 
sis in eukaryotic cells through the inactivation of elongation 
factor 2 (EF-2) by catalyZing its ADP-ribosylation (cata 
lyZing the transfer of the ADP ribosyl moiety of oxidiZed 
NAD onto EF-2). 
[0176] The toxin contains three structural domains that act 
in concert to cause cytotoxicity. Domain Ia (amino acids 
1-252) mediates cell binding. Domain II (amino acids 253 
364) is responsible for translocation into the cytosol and 
domain III (amino acids 400-613) mediatesADP ribosylation 
of elongation factor 2, Which inactivates the protein and 
causes cell death. The function of domain lb (amino acids 
365-399) remains unde?ned, although a large part of it, amino 
acids 365-380, can be deleted Without loss of cytotoxicity. 
See Siegall et al. (1989) J. Biol. Chem. 264: 14256-14261. 
[0177] For maximum cytotoxic properties of a preferred PE 
molecule, several modi?cations to the molecule are recom 
mended. An appropriate carboxyl terminal sequence to the 
recombinant molecule is preferred to translocate the mol 
ecule into the cytosol of target cells. Amino acid sequences 
Which have been found to be effective include, REDLK (SEQ 
ID NO: 5) (as in native PE), RDEL (SEQ ID NO: 6), RDEL 
(SEQ ID NO: 7), or KDEL (SEQ ID NO: 8), repeats ofthose, 
or other sequences that function to maintain or recycle pro 
teins into the endoplasmic reticulum, referred to here as 
“endoplasmic retention sequences”. See, for example, 
Chaudhary et al. (1991) Proc. Natl. Acad. Sci. USA 87:308 
312 and Seetharam et al (1991) J. Biol. Chem. 266: 17376 
17381. 
[0178] The targeting molecule can be inserted in replace 
ment for domain Ia. A similar insertion has been accom 
plished in What is knoWn as the TGF-PE40 molecule (also 
referred to as TP40) described in Heimbrook et al. (1990) 
Proc. Natl. Acad. Sci., USA, 87: 4697-4701. See also, Debin 
ski et al. (1994) Bioconj. Chem., 5: 40, for other PE variants). 
[0179] The PE molecules can be fused to the F5 or C1 
antibody by recombinant means. The genes encoding protein 
chains may be cloned in cDNA or in genomic form by any 
cloning procedure knoWn to those skilled in the art. See for 
example Sambrook et al., Molecular Cloning: A Laboratory 
Manual, Cold Spring Harbor Laboratory, (1989). Methods of 
cloning genes encoding PE fused to various ligands are Well 
knoWn to those of skill in the art. See, for example, Siegall et 
al. (1989) FASEB J., 3: 2647-2652; Chaudhary et al. (1997) 
Proc. Natl. Acad. Sci. USA, 84: 4538-4542. 
[0180] Those skilled in the art Will realiZe that additional 
modi?cations, deletions, insertions and the like may be made 
to the chimeric molecules of the present invention or to the 
nucleic acid sequences encoding the F5 or C1 chimeric mol 
ecules. Especially, deletions or changes may be made in PE or 
in a linker connecting an antibody gene to PE, in order to 
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increase cytotoxicity of the fusion protein toWard target cells 
or to decrease nonspeci?c cytotoxicity toWard cells Without 
antigen for the antibody. All such constructions may be made 
by methods of genetic engineering Well knoWn to those 
skilled in the art (see, generally, Sambrook et al., supra) and 
may produce proteins that have differing properties of a?in 
ity, speci?city, stability and toxicity that make them particu 
larly suitable for various clinical or biological applications. 
[0181] 2) Diphtheria Toxin (DT). 
[0182] Like PE, diphtheria toxin (DT) kills cells by ADP 
ribosylating elongation factor 2 (EF-2) thereby inhibiting 
protein synthesis. Diphtheria toxin, hoWever, is divided into 
tWo chains, A and B, linked by a disul?de bridge. In contrast 
to PE, chain B of DT, Which is on the carboxyl end, is respon 
sible for receptor binding and chainA, Which is present on the 
amino end, contains the enzymatic activity (U chida et al., 
(1972) Science, 175: 901-903; Uchida et al. (1973) J Biol. 
Chem., 248: 3838-3844). 
[0183] The targeting molecule-Diphtheria toxin fusion pro 
teins of this invention may have the native receptor-binding 
domain removed by truncation of the Diphtheria toxin B 
chain. DT388, a DT in Which the carboxyl terminal sequence 
beginning at residue 389 is removed is illustrated in 
Chaudhary, et al. (1991) Bioch. Biophys. Res. Comm., 180: 
545 -55 1 . 

[0184] Like the PE chimeric cytotoxins, the DT molecules 
may be chemically conjugated to the F5 or C1 antibody, but 
may also be prepared as fusion proteins by recombinant 
means. The genes encoding protein chains may be cloned in 
cDNA or in genomic form by any cloning procedure knoWn to 
those skilled in the art. Methods of cloning genes encoding 
DT fused to various ligands are also Well knoWn to those of 
skill in the art. See, for example, Williams et al. (1 990) J. Biol. 
Chem. 265: 11885-11889 Which describes the expression of 
groWth-factor-DT fusion proteins. 
[0185] The term “Diphtheria toxin” (DT) as used herein 
refers to full length native DT or to a DT that has been 
modi?ed. Modi?cations typically include removal of the tar 
geting domain in the B chain and, more speci?cally, involve 
truncations of the carboxyl region of the B chain. 
[0186] B) Detectable Labels. 
[0187] The term “detectable label” refers to any material 
having a detectable physical or chemical property. Such 
detectable labels have been Well-developed in the ?eld of 
immunoassays and, in general, any label useful in such meth 
ods can be applied to the present invention. Thus, a label is 
any composition detectable by spectroscopic, photochemi 
cal, biochemical, immunochemical, electrical, optical or 
chemical means. Useful labels in the present invention 
include magnetic beads (e. g. DynabeadsTM), ?uorescent dyes 
(e.g., ?uorescein isothiocyanate, Texas red, rhodamine, and 
the like), radiolabels (e.g., 3H, 125I, 35S, 14C, or 32P), ?uores 
cent proteins (e. g. green ?uorescent protein (GFP), blue ?uo 
rescent protein (BFP), yelloW ?uorescent protein (YFP), red 
?uorescent protein (RFP), luciferase), enZymes (e.g., LacZ, 
CAT, horse radish peroxidase, alkaline phosphatase and oth 
ers, commonly used as detectable enZymes, either as marker 
gene products or in an ELISA), and colorimetric labels such 
as colloidal gold or colored glass or plastic (e.g. polystyrene, 
polypropylene, latex, etc.) beads. Patents teaching the use of 
such labels include US. Pat. Nos. 3,817,837; 3,850,752; 
3,939,350; 3,996,345; 4,277,437; 4,275,149; and 4,366,241. 
[0188] It Will be recogniZed that ?uorescent labels are not 
to be limited to single species organic molecules, but include 
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inorganic molecules, multi-molecular mixtures of organic 
and/ or inorganic molecules, crystals, heteropolymers, and the 
like. Thus, for example, CdSeiCdS core-shell nanocrystals 
enclosed in a silica shell canbe easily derivatiZed for coupling 
to a biological molecule (BrucheZ et al. (1998) Science, 281: 
2013 -2016). Similarly, highly ?uorescent quantum dots (Zinc 
sul?de-capped cadmium selenide) have been covalently 
coupled to biomolecules for use in ultrasensitive biological 
detection (Warren and Nie (1998) Science, 281: 2016-2018). 
[0189] The label may be coupled directly or indirectly to 
the desired component of the assay according to methods Well 
knoWn in the art. Non radioactive labels are often attached by 
indirect means. Generally, a ligand molecule (e.g., biotin) is 
covalently bound to the molecule. The ligand then binds to an 
anti-ligand (e.g., streptavidin) molecule Which is either inher 
ently detectable or covalently bound to a signal system, such 
as a detectable enZyme, a ?uorescent compound, or a chemi 

luminescent compound. A number of li gands and anti-ligands 
can be used. Where a ligand has a natural anti-ligand, for 
example, biotin, thyroxine, and cortisol, it can be used in 
conjunction With the labeled, naturally occurring anti 
ligands. Alternatively, any haptenic or antigenic compound 
can be used in combination With an antibody. The molecules 
can also be conjugated directly or thorough a linker to signal 
generating compounds. 
[0190] Means of detecting such labels are Well knoWn to 
those of skill in the art. Thus, for example, radiolabels may be 
detected using photographic ?lm or scintillation counters, 
?uorescent markers may be detected using a photodetector to 
detect emitted illumination. Enzymatic labels are typically 
detected by providing the enZyme With a substrate and detect 
ing the reaction product produced by the action of the enZyme 
on the substrate, and colorimetric labels are detected by sim 
ply visualiZing the colored label. 
[0191] C) Ligands. 
[0192] As explained above, the effector molecule may also 
be a ligand or an antibody. Particularly preferred ligand and 
antibodies are those that bind to surface markers of immune 
cells. Chimeric molecules utiliZing such antibodies as effec 
tor molecules act as bifunctional linkers establishing an asso 
ciation betWeen the immune cells bearing binding partner for 
the ligand or antibody and the tumor cells expressing the 
c-erbB-2. Suitable antibodies and groWth factors are knoWn 
to those of skill in the art and include, but are not limited to, 
IL-2, IL-4, IL-6, IL-7, tumor necrosis factor (TNF), anti-Tac, 
TGFot, and the like. 
[0193] D) Other Therapeutic Moieties. 
[0194] Other suitable effector molecules include pharma 
cological agents or encapsulation systems containing various 
pharmacological agents. Thus, the F5 or C1 antibody may be 
attached directly to a drug that is to be delivered directly to the 
tumor. Such drugs are Well knoWn to those of skill in the art 
and include, but are not limited to, doxirubicin, vinblastine, 
genistein, antisense molecules, riboZymes and the like. 
[0195] Alternatively, the effector molecule may comprise 
an encapsulation system, such as a liposome, polymer cap 
sule, viral capsid, virus, or micelle that contains a therapeutic 
composition such as a drug, a nucleic acid (eg an antisense 
nucleic acid including, but not limited to a protein nucleic 
acid), or another therapeutic moiety that is preferably 
shielded from direct exposure to the circulatory system. 
Means of preparing liposomes attached to antibodies are Well 
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knoWn to those of skill in the art. See, for example, US. Pat. 
No. 4,957,735 and Connor et al. (1985) Pharm. Then, 28: 
341-365. 
[0196] In a particularly preferred embodiment, the lipo 
some is a “stealt ” (sterically stabiliZed) liposome bearing an 
external hydrophilic polymer (e.g. polyethylene glycol 
(PEG). The antibody can be coupled to the liposome through 
the hydrophilic polymer as described in copending applica 
tion U.S. Ser. No. 08/665,202, now US. Pat. No. 5,977,322. 
[0197] E) Attachment of the F5 or C1 Antibody to the 
Effector Molecule. 
[0198] One of skill Will appreciate that the F5 or C1 anti 
body and the effector molecule may be joined together in any 
order. Thus the effector molecule may be joined to either the 
amino or carboxy termini of the F5 or C1 antibody. The F5 or 
C1 antibody may also be joined to an internal region of the 
effector molecule, or conversely, the effector molecule may 
be joined to an internal location of the F5 or C1 antibody as 
long as the attachment does not interfere With the respective 
activities of the molecules. 
[0199] The F5 or C1 antibody and the effector molecule 
may be attached by any of a number of means Well knoWn to 
those of skill in the art. Typically the effector molecule is 
conjugated, either directly or through a linker (spacer), to the 
F5 or C1 antibody. HoWever, Where the effector molecule is a 
polypeptide it is preferable to recombinantly express the chi 
meric molecule as a single-chain fusion protein. 
[0200] i) Conjugation of the Effector Molecule to the F5 or 
C1 Antibody. 
[0201] In one embodiment, the targeting molecule F5 or C1 
antibody is chemically conjugated to the effector molecule 
(eg a cytotoxin, a label, a ligand, or a drug or liposome). 
Means of chemically conjugating molecules are Well knoWn 
to those of skill (see, for example, Chapter 4 in Monoclonal 
Antibodies: Principles and Applications, Birch and Lennox, 
eds. John Wiley & Sons, Inc. N.Y. (1995) Which describes 
conjugation of antibodies to anticancer drugs, labels includ 
ing radio labels, enZymes, and the like). 
[0202] The procedure for attaching an agent to an antibody 
or other polypeptide targeting molecule Will vary according 
to the chemical structure of the agent. Polypeptides typically 
contain variety of functional groups; e.g., carboxylic acid 
(COOH) or free amine (iNHZ) groups, Which are available 
for reaction With a suitable functional group on an effector 
molecule to bind the effector thereto. 
[0203] Alternatively, the targeting molecule and/or effector 
molecule may be derivatiZed to expose or attach additional 
reactive functional groups. The derivatiZation may involve 
attachment of any of a number of linker molecules such as 
those available from Pierce Chemical Company, Rockford, 
Ill. 
[0204] A “linker”, as used herein, is a molecule that is used 
to join the targeting molecule to the effector molecule. The 
linker is capable of forming covalent bonds to both the tar 
geting molecule and to the effector molecule. Suitable linkers 
are Well knoWn to those of skill in the art and include, but are 
not limited to, straight or branched-chain carbon linkers, het 
erocyclic carbon linkers, or peptide linkers. Where the target 
ing molecule and the effector molecule are polypeptides, the 
linkers may be joined to the constituent amino acids through 
their side groups (e.g., through a disul?de linkage to cys 
teine). HoWever, in a preferred embodiment, the linkers Will 
be joined to the alpha carbon amino and carboxyl groups of 
the terminal amino acids. 
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[0205] A bifunctional linker having one functional group 
reactive With a group on a particular agent, and another group 
reactive With an antibody, may be used to form the desired 
immunoconjugate. Alternatively, derivatization may involve 
chemical treatment of the targeting molecule, e.g., glycol 
cleavage of a sugar moiety attached to the protein antibody 
With periodate to generate free aldehyde groups. The free 
aldehyde groups on the antibody may be reacted With free 
amine or hydrazine groups on an agent to bind the agent 
thereto. (See US. Pat. No. 4,671,958). Procedures for gen 
eration of free sulfhydryl groups on polypeptide, such as 
antibodies or antibody fragments, are also known (See US. 
Pat. No. 4,659,839). 
[0206] Many procedure and linker molecules for attach 
ment of various compounds including radionuclide metal 
chelates, toxins and drugs to proteins such as antibodies are 
knoWn. See, for example, European Patent Application No. 
188,256; US. Pat. Nos. 4,671,958, 4,659,839, 4,414,148, 
4,699,784; 4,680,338; 4,569,789; and 4,589,071; and Bor 
linghaus et al. Cancer Res. 47: 4071-4075 (1987) Which are 
incorporated herein by reference. In particular, production of 
various immunotoxins is Well-knoWn Within the art and can 
be found, for example in “Monoclonal Antibody-Toxin Con 
jugates: Aiming the Magic Bullet,” Thorpe et al., Monoclonal 
Antibodies in Clinical Medicine, Academic Press, pp. 168 
190 (1982), Waldmann, Science, 252: 1657 (1991), US. Pat. 
Nos. 4,545,985 and 4,894,443. 
[0207] In some circumstances, it is desirable to free the 
effector molecule from the targeting molecule When the chi 
meric molecule has reached its target site. Therefore, chi 
meric conjugates comprising linkages Which are cleavable in 
the vicinity of the target site may be used When the effector is 
to be released at the target site. Cleaving of the linkage to 
release the agent from the antibody may be prompted by 
enzymatic activity or conditions to Which the immunoconju 
gate is subjected either inside the target cell or in the vicinity 
of the target site. When the target site is a tumor, a linker 
Which is cleavable under conditions present at the tumor site 
(eg When exposed to tumor-associated enzymes or acidic 
pH) may be used. 
[0208] A number of different cleavable linkers are knoWn 
to those of skill in the art. See US. Pat. Nos. 4,618,492; 
4,542,225, and 4,625,014. The mechanisms for release ofan 
agent from these linker groups include, for example, irradia 
tion of a photolabile bond and acid-catalyzed hydrolysis. US. 
Pat. No. 4,671,958, for example, includes a description of 
immunoconjugates comprising linkers that are cleaved at the 
target site in vivo by the proteolytic enzymes of the patient’s 
complement system. In vieW of the large number of methods 
that have been reported for attaching a variety of radiodiag 
nostic compounds, radiotherapeutic compounds, drugs, tox 
ins, and other agents to antibodies one skilled in the art Will be 
able to determine a suitable method for attaching a given 
agent to an antibody or other polypeptide. 
[0209] ii) Production of Fusion Proteins. 
[0210] Where the F5 or C1 antibody and/or the effector 
molecules are relatively short (i.e., less than about 50 amino 
acids) they may be synthesized using standard chemical pep 
tide synthesis techniques. Where both molecules are rela 
tively short the chimeric molecule may be synthesized as a 
single contiguous polypeptide. Alternatively the F5 or C1 
antibodies and the effector molecule may be synthesized 
separately and then fused by condensation of the amino ter 
minus of one molecule With the carboxyl terminus of the other 
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molecule thereby forming a peptide bond. Alternatively, the 
targeting and effector molecules may each be condensed With 
one end of a peptide spacer molecule thereby forming a 
contiguous fusion protein. 
[0211] Solid phase synthesis in Which the C-terminal 
amino acid of the sequence is attached to an insoluble support 
folloWed by sequential addition of the remaining amino acids 
in the sequence is the preferred method for the chemical 
synthesis of the polypeptides of this invention. Techniques for 
solid phase synthesis are described by Barany and Merri?eld, 
Solid-Phase Peptide Synthesis; pp. 3-284 in The Peptides: 
Analysis, Synthesis, Biology. Vol. 2: Special Methods in Pep 
tide Synthesis, PartA., Merri?eld, et al. J. Am. Chem. Soc., 85: 
2149-2156 (1963), and Stewart et al., Solid Phase Peptide 
Synthesis, 2nd ed. Pierce Chem. Co., Rockford, Ill. (1984). 
[0212] In a preferred embodiment, the chimeric fusion pro 
teins of the present invention are synthesized using recombi 
nant DNA methodology. Generally this involves creating a 
DNA sequence that encodes the fusion protein, placing the 
DNA in an expression cassette under the control of a particu 
lar promoter, expressing the protein in a host, isolating the 
expressed protein and, if required, renaturing the protein. 
[0213] DNA encoding the fusion proteins (e.g. F5 or C1 
Ab-PE) of this invention may be prepared by any suitable 
method, including, for example, cloning and restriction of 
appropriate sequences or direct chemical synthesis by meth 
ods such as the phosphotriester method of Narang et al. 
(1979)Meth. Enzymol. 68: 90-99; the phosphodiester method 
of BroWn et al. (1979) Meth. Enzymol. 68: 109-151; the 
diethylphosphoramidite method of Beaucage et al. (1981) 
Tetra. Lett., 22: 1859-1862; and the solid support method of 
US. Pat. No. 4,458,066. 
[0214] Chemical synthesis produces a single stranded oli 
gonucleotide. This may be converted into double stranded 
DNA by hybridization With a complementary sequence, or by 
polymerization With a DNA polymerase using the single 
strand as a template. One of skill Would recognize that While 
chemical synthesis of DNA is limited to sequences of about 
100 bases, longer sequences may be obtained by the ligation 
of shorter sequences. 
[0215] Alternatively, subsequences may be cloned and the 
appropriate subsequences cleaved using appropriate restric 
tion enzymes. The fragments may then be ligated to produce 
the desired DNA sequence. 
[0216] In a preferred embodiment, DNA encoding fusion 
proteins of the present invention may be cloned using DNA 
ampli?cation methods such as polymerase chain reaction 
(PCR). Thus, for example, the gene for the F5 or C1 antibody 
may be ampli?ed from a nucleic acid template (clone) using 
a sense primer containing a ?rst restriction site and an anti 
sense primer containing a second restriction site. This pro 
duces a nucleic acid encoding the mature F5 or C1 antibody 
sequence and having terminal restriction sites. A cytotoxin 
(or other polypeptide effector) may be cut out of a plasmid 
encoding that effector using restriction enzymes to produce 
cut ends suitable for annealing to the F5 or C1 antibody. 
Ligation of the sequences and introduction of the construct 
into a vector produces a vector encoding the F5- or C1-effec 
tor molecule fusion protein. Such PCR cloning methods are 
Well knoWn to those of skill in the art (see, for example, 
Debinski et al. (1994) Int. J. Cancer, 58: 744-748, for an 
example of the preparation of a PE fusion protein). 
[0217] While the tWo molecules may be directly joined 
together, one of skill Will appreciate that the molecules may 




























